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FOREWORD 


Corps  economists  and  social  scientists  perform  diverse  roles  in  managing 
and  implementing  the  Corps  planning  for  its  Civil  Works  mission.  A  conference 
for  Corps  economists  and  social  scientists,  from  time  to  time,  provides  an 
important  communication  and  motivation  opportunity.  Dr.  Blakey's  keynote 
address  emphasized  that  economists  and  social  scientists  are  full  members  of 
the  Corps  multidisciplinary  planning  staff.  They  can  become  planning  and 
program  managers  of  new  skills  and  interests,  trend  to  management,  or  they  can 
perform  the  numerous  technical  studies  required  for  successful  planning. 

Emergence  of  the  new  Principles  &  Guidelines  (P&G),  along  with  the 
Regulation  Reform  Action  Program  (REAP) ,  is  the  primary  motivation  for  this 
workshop.  The  importance  of  economic  analysis  in  project  formulation  and 
recommendations  of  alternatives  is  stressed  in  the  P&G .  At  the  same  time 
increased  cost  sharing  of  planning,  construction  and  operations,  and 
maintenance  between  Federal  and  non-Federal  interests  have  increased  the 
necessity  for  Corps  planning  to  address  the  problems  and  alternatives  that  are 
within  the  interests  and  capability  of  non-Federal  interests. 

The  Corps  continues  to  provide  leadership  in  articulating  non-traditional 
(often  called  nonstructural)  approaches  to  problem  solving.  Limited  economic 
resources  require  more  deliberate  management  measures  which  address  all  or 
part  of  the  Nation's  water  resources  problems.  Economic  and  social  analysts 
can  supply  productive  skills  in  identifying  and  evaluating  alternatives. 

At  every  meeting  of  Corps  economists  and  social  scientists,  the 
productivity  and  innovation  of  division  and  district  personnel  is 
demonstrated.  They  are  the  people  who  are  confronted  by  the  daily  challenge  to 
find  workable  answers  to  real  water  resources  problems.  Because  of  this 
tradition,  the  divisions  were  asked  to  develop  and  chair  most  of  the 
sessions.  Division  personnel  delivered  interesting  and  challenging  sessions, 
raised  important  issues,  and  suggested  significant  approaches  to  improve  the 
problem  solving  capability  of  the  Corps. 

Several  people  from  outside  the  Corps  family  made  important  contributions 
to  the  workshop.  Dr.  G.  Edward  Dickey  (Senior  Staff  Economist  for  the 
Assistant  Secretary  of  the  Army  for  Civil  Works),  presented  a  timely 
description  of  the  context  and  content  of  the  Principles  &  Guidelines.  The 
workshops  on  navigation  (coastal  and  inland)  were  also  enhanced  by  the 
presence  of  and  presentations  by  shipping  and  state  transportation  interests. 

The  workshop  was  organized  under  the  auspices  of  Robert  Daniel,  Chief  of 
the  Economics  and  Social  Analysis  Branch,  Planning  Division,  Office,  Chief  of 
Engineers.  His  staff  contributed  much  to  the  planning  and  implementation  of 
the  workshop.  Workshop  and  program  arrangements  were  managed  by  Dr.  L.  George 
Antle,  U.S.  Army  Engineers  Institute  for  Water  Resources,  with  the  substantial 
cooperation  and  assistance  of  the  St.  Louis  District.  The  District  Commander 
and  Planning  Division,  especially  the  Economics  staff,  provided  both 
administration  support  and  a  very  successful  tour  to  the  construction  site  of 
the  new  Lock  and  Dam  26.  Special  thanks  should  also  be  given  to  the  staff  of 
the  Market  Street  Holiday  Inn  in  St.  Louis,  for  providing  friendly  and 
competent  support  of  the  conference. 


NERDS  ASSESSMENT 


In  order  to  obtain  a  better  sense  of  the  range  of  problems  encountered 
by  those  doing  or  reviewing  economic  and  social  analyses,  a  needs  assessment 
was  performed.  For  this  assessment  the  meeting  participants  were  first 
asked  to  silently  generate  a  list  of  the  most  important  problems,  questions 
or  issues  they  had  in  performing  or  reviewing  economic  and  social  analysis 
studies  for  Corps  projects.  Next,  participants  were  asked  to  work  in  small 
groups  comprised  of  those  sitting  at  each  meeting  table.  Each  small  group 
was  composed  of  three  to  four  persons.  Small  groups  were  asked  to  review 
each  persons  list  of  problems,  to  discuss  them,  and  from  these  lists  to 
produce  the  three  most  significant  problems  for  the  small  group.  This  process 
of  reviewing  the  individual  lists  and  developing  a  group  assessment  took 
approximatly  15  minutes.  Finally,  each  small  group  presented  its  list  to 
the  larger  group.  These  problems  and  needs  were  recorded  on  flip  charts. 

After  all  entries  had  been  listed,  wording  and  definitional  clarifications 
were  made,  and  duplicates  struck  out.  The  following  list  represents  the 
particpants  statement  of  the  most  significant  problems,  needs  and  issues 
in  performing  or  reviewing  economic  and  social  analyses  for  Corps  studies. 


Econ/Social  Analysis  Problems 

1.  Doing  small  area  studies,  using  big  area  criteria. 

2.  Changes  in  regs,  policies,  especially  when  studies  are  nearly  done. 

3.  Disenchantment  of  COE  economists  with  Corps  mission  —  What  is  our  mission? 

4.  Lack  of  continuity  between  districts  in  their  benefit  analysis  (Flood,  etc) 

5.  Personnel  policies  as  they  relate  to  economists  —  training,  pay. 

6.  Lack  of  guidance  from  higher  authority  —  too  late  —  until  project  is 
done  wrong. 

7.  Plan  formulation  fragmentation  —  economic  input  not  successfully 
integraged. 

8.  Lack  of  consistent  comments  from  OCE  —  too  much  opinion,  not  enough 
policy. 

9.  Defining  the  without  project  condition  explicitly  enough  to  perform 
benefit  analysis. 

10.  Monetizing  resources  not  traditionally  monetized. 

11.  What  will  our  future  work  be  as  economists,  and  OCE? 

12.  Quantifying  local  and  regional  benefits  in  an  acceptable  manner. 


13.  Fragmentation:  Economists  view  too  routine  and  narrow-social  scientists 
need  to  assert  themselves  in  planning  process. 

14.  Role  of  economists  in  financial  feasibility  studies  —  mandated  by 
Gianneli  —  also  in  military  studies. 

15.  We  now  use  nominal  interest  rates  —  we  should  use  real. 

16.  Lack  of  guidance  on:  Updated  vessel  costs  --  projected  fleet  recreation 
surveys . 

17.  No  consistent  guidance  on  growth  by  commercial  contents  and  industrial 
contents. 

18.  Definition  problem:  Fine  lines  between  financial,  associated  and 
economic  costs. 

19.  Need  for  non-project  —  specific  funds  to  collect  historical 
damage  data. 

20.  We  are  now  directed  to  choose  NED  Plan  --  How  to  reconcile  local 
preferences  with  this  requirement. 

21.  Tunnel  vision  by  various  study  components,  division  and  OCE. 

22.  Limited  funds  and  unlimited  study  criteria. 

23.  Conflict  between  economic  analysis  and  real  world  financial  analysis  — 
50  year  project  life  —  vs  —  5-10  private  horizon,  interest  rates,  etc. 

24.  Role  of  COE  economists  as  consultants  to  local  interests. 

25.  Conflict  between  NED  optimization  and  SPF  protection  in  urban  areas. 

26.  Should  NED  plan  be  formulated  unconstrained.  (Public  acceptance),  etc. 

27.  Utilization  of  other  social  effects  in  planning  reports. 

Freeboard  analysis  should  be  separated  between  levee  and  channel 
related  projects. 
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NATIONAL  WATERWAYS  STUDY  WATERBORNE  COMMERCE  FORECASTS 


Arlene  L.  Dietz 

Manager,  National  Waterways  Study 

This  term,  forecasts,  immediately  conjures  up  mental  pictures  of 
beautiful  math  models  and  hungry  computers.  Most  of  you  have  certainly 
embraced  one  or  more  models  during  your  career.  Each  probably  discovered  one 
or  more  major  flaws  or  weaknesses  in  your  models.  The  National  Waterways 
Study  (NWS)  produced  forecasts  for  every  major  United  States  waterway  and  for 
each  major  commodity  group.  NWS  also  produced  a  wealth  of  experience, 
learning  from  the  successes  and  failures  of  the  approaches  and  models.  This 
presentation  today  will  briefly  discuss  the  NWS  approach  and  touch  on  the 
success  and  failure  of  the  forecasting  effort. 

DESIGN  OF  FORECASTS 

The  original  NWS  Plan  of  Study  called  for  preparation  of  10  separate 
forecasts  of  traffic  for  66  geographical  segments  and  for  over  40  commodity 
groups.  Each  of  these  was  to  be  based  on  several  national-level  macro 
economic  models  prepared  by  Data  Resources  Incorporated  (DRI).  These  models 
embodied  demographic,  economic  and  policy  assumptions.  The  output  of  these 
macro  economic  models  was  input  into  industry  models  which  provided  growth 
rates  for  key  commodities  moving  in  waterborne  commerce.  These  Industry 
models  received  input  from  DRI  industry  research  groups,  from  industry 
interviews  and  Corps  and  public  reviews. 

The  Industry  forecasts  were  then  regionalized  for  production  and 
consumption  centers.  Information  on  some  commodities  had  to  rely  entirely  on 
Corps  experience  since  DRI  had  no  industry  research  which  could  capture  growth 
of  very  site  specific  movements  (e.g.  local  sand  and  gravel).  DRI  also  had  to 
bridge  the  existing  regionalization  for  specific  industries  into  NWS  segments 
and  reaches.  Particularly  for  this  regionalization  the  value  of  Corps  and 
public  review  proved  itself.  The  review  caught  a  conversion  which  placed 
major  growth  of  soybeans  in  North  Dakota. 

The  base  historical  waterborne  commerce  flows  by  commodity  were  for  years 
1969-1977 .  These  data  served  as  the  base  to  apply  regionalized  industry 
growth  rates.  These  growth  rates  were  adjusted  by  the  input  obtained  from 
industry  regarding  firm's  logistics  decision  making  process,  new  plant 
location  or  abandonment  among  others.  The  results  of  applying  regionalized 
industry  forecasts  to  waterborne  commodity  flows  were  forecasts  for  22  reaches 
and  14  commodity  groups  for  the  period  1978-2003. 

ECONOMIC  FORECASTS  REFINED  BY  SCENARIO  ASSUMPTIONS 

Scenarios  assumptions  (assumptions  about  external  events  which  could 
greatly  influence  traffic  growtli  and  flows)  were  overlaid  on  the  four  base 
sets  of  economic  forecasts  to  arrive  at  the  final  forecasts  used  in  the 
evaluation  of  the  system.  The  NWS  report  "Traffic  Forecasting  Methodology" 
provides  the  documentation  of  the  economic  forecasts  while  the  report 
"Evaluation  of  the  Present  Navigation  System"  reproduces  the  output  of  the 
scenario  forecasts. 
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All  forecasts  were  to  be  unconstrained  by  waterway  capacity  contralnts. 
These  constraints  were  Introduced  Into  the  evaluation  phase  along  with 
solutions. 


The  scenario  approach  to  forecasting  sought  to  develop  a  wider  breadth  of 
forecasts  by  incorporating  into  the  methodology  plausible  sets  of  policies  and 
external  events  which  would  influence  the  growth  of  Individual  commodifies. 

The  assumptions  of  the  seven  scenarios  (all  major  assumptions  are  shown  In 
table  1)  are  as  follows: 


Baseline 


High  Use 


Low  Use 


Bad  Energy 


High  Coal 
Expo  rt 


This  scenario  continued  past  trends.  Its  only 
purpose  was  to  serve  as  a  reference  benchmark.  It 
was  not  intended  to  be  the  most  likely.  For 
example,  future  coal  exports  under  this  scenario 
show  no  growth  beyond  the  1980  level. 

This  scenario  used  the  same  micro  economic 
assumptions  for  the  nation  as  Baseline,  but  had 
greater  levels  of  domestic  and  export  coal 
movements.  The  Gulf's  share  of  coal  exports 
Increased  compared  to  Baseline. 

The  Larger  Government  macro  economic  assumption  was 
used  in  this  scenario  to  influence  a  slowdown  In  the 
private  sector  and  consequently  waterway  traffic. 

An  unlikely  assumption  of  no  growth  in  corn  yield, 
for  example,  was  used  to  contribute  to  this  low 
forecast.  Crude  oil  imports  dropped  below  both  the 
Baseline  and  High  Use  levels  Coal  exports  for  year 
2003  fell  below  the  present  level  with  the  Gulf's 
share  actually  falling. 

The  macro  economic  input  was  DRI's  "Bad  Energy" 
forecast.  The  economics  assumed  an  energy  crisis  in 
the  mid-1980's.  Crude  oil  inputs  dropped  to  a  low 
of  200  million  tons  while  coal  exports  and  the 
Gulf's  share  were  assumed  to  be  the  same  as  High 
Use.  Domestic  coal  use  was  depressed  below  the 
Baseline  reflecting  a  depressed  economy.  Seven  coal 
slurry  pipelines  were  assumed  with  one  diverting 
over  4  million  tons  of  water  transported  coal. 

The  same  macro  economic  forecast  used  for  Baseline 
was  assumed  for  High  Coal  Export.  This  scenario, 
unlike  all  others,  assumed  coal  exports  rising  to 
290  million  tons  by  2003.  It  had  the  Gulf's  share 
of  coal  exports  growing  to  35  percent. 


Miscellaneous  This  scenario  Incorporates  the  High  Use  assumptions. 

Adjustments  are  made  to  account  for  data  base  errors 
not  corrected  In  any  other  forecast  base  for  the 
Ohio  and  Gulf  Coast  East  reaches.  It  also  introduced 
alternative  forecasts  for  the  Arkansas  and  the 
Columbia-Snake  Waterway  reaches. 


Table  i 


THE  NATIONAL  WATERWAYS  STUD'i  PRINCIPAL  ASSUMPTIONS  FOR  NWS  SCENARIOS 


Principal  Assumptions 

Baseline 

High  Use 

Low  Use 

Bad  Energy 

Defense 

High  Coal 

Exports 

1 .  Macroeconomic 

Trendlong 

Trendlong 

Larger 

Government 

Bad  Energy 

Wartime 

Economy1 2 3 

Trendlong 

2  Com  Yields  by 
2003  (Bushels 
per  Acre) 

121 

121 

110 

121 

121 

121 

3  West  Coast 

Share  of  Farm 
Products  Exports 
(Percent) 

14 

14 

14* 

14 

Overall  Decline 
During  Conflict 

14 

4  Phosphate 

Decrease  After 

Constant  After 

Decrease  After 

Decrease  After 

Constant  After 

Constant  After 

Exports 

1985 

1985 

1985 

1985 

1985 

1985 

5  Steel  Imports 

Decrease  After 

Decrease  After 

Increase  to  26  by 

Decrease  After 

Decline  Sharply 

Decrease  After 

(Percent  of  Total 
Consumption) 

1990  from  17  to 
15 

1990  from  17  to 
15 

2003 

1 990  from  1 7  to 

15 

During  Conflict 

1990  from  17  to 

15 

6  Crude  Oil  Prices 
(Average  Annual 
Price 

Increase-Percent) 

3.8 

3.8 

3.8 

4  8 

3.8 

3.8 

7.  Crude  Oil 

Imports  by  2003 
(Millions  of 

Tons) 

290 

290 

240 

200 

Decline  of  100 
Million  Tons  per 
Year  During 
Conflict 

290 

8  Coal  Exports  bv 
2003  (Millions 
of  Tons)4 5 6 7 

107 

156 

107 

156 

156 

290' 

9  Gulf  Coast  Share 
of  Total  Coal 
Exports  in  2003 
(Percent)4 

19 

23 

11 

23 

23 

35 

10  Domestic  Coal 
Consumption  by 
2003  (Millions 
of  Tons) 

1.794 

2,360 

1 .625 

1.728 

2,360 

2.360 

1 1  Synfuel  Plants 
on  Water  (Coal 
Consumption  in 
Millions  of  Tons 
by  2003) 

10  (50)* 

11  (61) 

6  (.30)'' 

15  (81) 

II  (61) 

II  161 i 

12  Coal  Slurry 
Pipelines 

None 

None 

None 

7 

None 

None 

13  Eastern  Coal  Use 

Present 

Present 

Increased  Use  in 

Present 

Present 

Present 

(Lake  Ene 

Technology  and 

Technology  and 

Great  Lakes 

Technologs  and 

Technolog)  and 

Technolog)  and 

Loadings  of  Coal 
by  2003  in 
Millions  of 

Tons) 

Regulations  (20) 

Regulations  (22) 

Area  (24) 

Regulations  (20) 

Regulations  ( 

Regulations  (22) 

1  The  .Miscellaneous  scenario  incorporates  all  the  assumptions  of  the  High  L’se  scenario  The  adjustments  are  made  to  account  for  data 
base  errors  (Ohio  and  Gulf  Coast-East  reaches)  or  to  introduce  alternative  regional  forecasts  (Arkansas  and  Columbia-Snake 
Water* a>  reaches) 

2  Based  on  Federal  Emergences  Management  Agency  forecast 

3  Great  Lakes  share  drops  10  percent 

4  Oversea*.  and  Canadian  destinations 

5  Based  on  National  Coal  Association  high  forecast  and  modified  b>  Data  Resources.  Inc  (DRIi 

6  An  additional  demonstration  plant  (not  included  in  these  numbers!  on  the  Monongahclu  Riser  is  assumed  in  operation  from  I9N3  to 
I4**)  and  consumes  3. 000. OCX)  to  6.000.000  tons  of  coal  each  sear  Hovseser.  after  WO.  it  is  discontinued 

7  One  of  these  sesen  pipelines  (ETSIi  will  divert  4.5  million  tons  of  coal  from  the  waterwavs  b\  2003 
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Defense  - 


The  macro  economic  forecast-  for  a  wartime  economy 
was  assumed.  It  shifts  production  and  consumption 
from  consumer  oriented  goods  to  defense  materials. 
Petroleum  and  steel  Imports  decline  during  the 
conflict.  Domestic  petroleum  and  Iron  ore  and  steel 
movements  greatly  Increase. 

CONCLUSIONS:  FORECASTS  AND  THE  METHODOLOGY 

The  output  range  by  commodity  by  reach  Is  provided  In  the  NWS  final 
report  and  In  great  detail  In  Appendix  A  to  NWS  report  Evaluation  of  Present 
Navigation  System.  A  summary  of  reach  forecasts  Is  shown  In  table  2.  The 
generalized  conclusions  for  the  methodology  and  for  the  seven  scenarios  are 
discussed  below. 

The  Initial  four  scenarios  -  Baseline,  High  Use,  Low  Use  and  Bad  Energy 
provided  an  Inadequate  range  nationally  and  regionally  for  selected 
commodities  (e.g.  coal  exports).  Therefore,  a  fifth  scenario,  High  Coal  Export 
(HCX),  was  added.  As  designed  In  the  Workplan,  scenario  development  was  to  be 
based  in  part  on  public  and  Corps  input.  This  would  help  reflect  commodities 
not  genrally  modelled  by  DRI  or  those  that  were  unique  to  a  region. 
Consequently,  the  specialized  traffic  passing  through  the  Inner  Harbor  Canal 
Lock  (IHCL)  and  Co lurabla-Snake  Waterway  and  on  the  Arkansas  were  reassessed  in 
view  of  local  knowledge.  The  results  of  this  new  information  helped  form  the 
basis  of  a  Miscellaneous  scenario.  Similarly,  underestimates  of  Waterborne 
Commerce  statistics  were  identified  midway  through  the  NWS  for  the  Ohio  River 
and  several  of  its  tributaries.  The  base  traffic  was  consequently  adjusted 
during  this  sensitivity  analysis  phase  and  was  also  reflected  in  the 
Miscellaneous  scenario.  The  concept  of  allowing  for  not  only  post  review 
revisions  to  basic  forecasts  but  actually  adding  full  scenarios  based  on  the 
review  process  proved  a  valuable  concept  for  such  an  involved  national  study. 

The  Defense  scenario,  always  a  key  point  in  NWS,  was  the  most  complicated 
for  DRI  to  produce.  It  was  basically  a  major  collection  of  sensitivity  tests 
run  on  the  High  Use  scenario  for  the  1985-90  period.  This  allowed  for  direct 
comparison  with  a  peacetime  scenario.  Several  reaches  were  surged  with 
defense  sensitive  commodities.  The  greatest  surge  was  at  the  Great  Lakes 
Sault  Ste.  Marie  Locks,  next  on  the  Ohio  River  and  then  on  the  Illinois 
Waterway.  All  three  areas  serve  key  iron  and  steel  making  centers  of 
nation.  The  Gulf  Coast  petroleum  movements  increased  under  the  scenario. 

The  NWS  approach  to  forecasts  aimed  at  establishing  the  boundary 
conditions  for  forecasts  nationally,  regionally  and  by  industry  regions. 
Because  of  the  uncertainty  surrounding  world  and  national  events  which 
significantly  influence  the  waterborne  flows  the  scenario  approach  was 
selected.  The  sensitivity  concept  was  incorporated  to  test  newly  identified 
events  which  would  influence  forecasts.  The  major  finding  regarding  the 
expost  analysis  of  the  steps  in  the  forecasting  process  was  the  real  value  of 
the  thorough  public  and  Corps  review.  Benefits  were  reaped  from  review  of  the 
methodology,  of  preliminary  and  final  forecasts.  The  provision  of  adequate 
time  for  adding  new  information  and  changing  forecasts  proved  to  be  invaluable 
step  in  the  planning  process. 
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Table  2 

WATERBORNE  COMMERCE:  TOTAL  OF  ALL  COMMODITIES  BY  REACH,  1977  AND  SIX 

FORECASTS  FOR  2003' 

(Millions  of  Tons) 


Reach 

1977 

Forecas*- 

2003 

Base  Year 

Baseline 

High  Use 

Low  Use 

Bad  Energy 

High  Coal 
Export 

Misc. 

Upper  Miss 

30  9 

66  0 

68.7 

58.8 

67.9 

68.7 

69  4 

Lower  Upper  Miss 

77.5 

162.0 

167.3 

147.7 

163.3 

169.6 

170.7 

L.  Miss:  Cairo  to  B  R. 

123  6 

222.3 

231.0 

190.7 

235.9 

246.6 

248.4 

L.  Miss:  B  R  to  Gulf 

344.4 

534.9 

548.7 

492.1 

543.7 

591  4 

570.4 

Illinois  Waterway 

60  4 

103.5 

106.4 

95.6 

108.4 

106  4 

107  2 

Missouri  River 

6.7 

7.8 

7.8 

7.4 

7.0 

7.8 

7.9 

Ohio  River  System 

172.5 

307  5 

345.2 

280.3 

324.5 

359  6 

382.9 

Tennessee  River 

26  5 

66  9 

79.5 

61.7 

67.3 

86.4 

81.4 

Arkansas  River 

9.4 

14.4 

15.0 

10.8 

16.5 

15.8 

26.2 

Gulf  Coast-West 

341.3 

385.7 

389  0 

376.9 

362.2 

404.1 

391.5 

Gulf  Coast-East 

108.7 

152.1 

168.2 

141.3 

140.5 

168.5 

177.9 

Mobile  River  and  Trib. 

43.7 

1 19  0 

137.4 

108.9 

120.4 

177.6 

141.5 

South  AtL.,.!c  Coast 

69  8 

69.6 

71.1 

65.1 

63.8 

71.1 

71  1 

Middle  Atlantic  Coast 

436  8 

438.0 

469  2 

409.8 

427.5 

514  7 

469.2 

North  Atlantic  Coast 

87.4 

68  9 

68.9 

64.6 

63.0 

68.9 

68.9 

Great  Lakes  System 

189.9 

385.7 

4111 

345.2 

392.7 

411.1 

411.3 

Washington/Oregon  Coast 

68.4 

121  2 

121.2 

109  4 

113  0 

132.9 

121.2 

Columbta-Snake  Waterway 

43.5 

58  6 

58.6 

57.9 

54.6 

58.6 

63.7 

California  Coast 

138.3 

143  6 

143.6 

1 15.0 

113.3 

153  4 

143.6 

Alaska 

28  8 

86.2 

86.2 

86.4 

95.4 

86.2 

86.2 

Hawaii 

15.3 

215 

21  5 

20  9 

21  1 

21.5 

21.5 

Caribbean 

89.8 

74.5 

74.5 

49  4 

68.0 

74  5 

74.5 

Total-' 

1,914.9 

2.585.6 

2.727.2 

2.379  8 

2,514.3 

2.889  6 

2.789.2 

1  Unconstrained  forecasts  of  waterway!,  tonnage 

2  These  figures  reflect  national  totals,  not  the  sum  of  reaches  Reaches  are  not  additive  because  many  individual  shipments  pass 
through  more  than  one  reach 


Analysis  of  forecasts  showed  narrow  bands  of  forecasts  for  certain 
commodities  In  certain  regions.  Further  work  In  this  area  Is  needed  as  Is  the 
need  to  focus  on  this  in  future  forecasting  efforts.  It  may  well  mean  that  it 
is  very  certain  that  certain  traffic  levels  will  be  achieved  or  it  may  imply  a 
weakness  in  the  methodology  which  did  not  generate  wider  spreads  of  traffic  in 
each  region. 

The  scenario/sensitivity  approach  offers  an  alternative  to  the 
traditional  high-medium-low  approach.  It  demonstrates  there  may  well  be  a 
higher  probabilities  of  very  high  (or  very  low)  growth  for  certain  commodities 
in  some  regions  and  hence  provide  strong  support  for  scheduling  of  remedial 
act  ions . 

CONTRACTING  LESSONS 

Contract  problems  was  a  topic  the  speakers  were  asked  to  address.  Based 
on  NWS  experience  the  Corps  should  try  to  avoid,  if  possible,  having 
prime/subcontractor  arrangement  where  performance  of  one  is  linked  to 
pertorraance  of  another.  The  government  is  the  looser  for  this  arrangement. 
Many  of  the  delays  which  occurred  in  NWS  can  be  traced  directly  back  to  a 
failure  of  the  sub  or  prime  to  p- >duce  data  as  scheduled.  Although  the 
contract  limited  the  changes  in  key  personnel,  this  clause  was  impossible  to 
enforce,  (e.g.  one  key  performer,  because  of  other  obligations,  was  7  months 
late  in  beginning  his  work). 
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Overview 

Navigation  Systems  Analysis  Methods  and  Procedures 

Presented  at 

Economic  and  Social  Analysis  Workshop 
St.  Louis,  MO 

— '  20  September  1982 

By 

Ron  Keeney 
Huntington  District 
Navigation  Planning  Support  Center 


The  purpose  this  paper  is  to  provide  an  overview 
of  the  inland  navigation  systems  analysis  procedures 
which  are  being  used  in  the  Ohio  River  Division  (ORD). 

The  responsibility  for  system  studies  in  ORD  has 
been  assigned  to  newly  formed  navigation  planning 
support  centers  located  in  the  Huntington  District  and 
the  Louisville  District.  The  Huntington  center  is 
responsible  for  economic  system  studies,  while  the 
Louisville  Center  is  responsible  for  physical  and 
env ironmental  system  studies. 

A  major  systems  analysis  study  was  recently 
completed  for  the  Phase  I  GDM  on  Replacement  of 
Gallipolis  Locks  and  Dam. 

Development  and  application  of  the  systems  approach  for 
the  Gallipolis  study  was  costly  and  time  consuming. 

All  of  the  districts  in  ORD  together  with  the  Division 
office  contributed  to  this  effort.  However,  with  a 
common  data  base  and  analytic  procedures  in  each  of  the 
four  districts,  it  is  now  possible  to  perform  system 
studies  throughout  the  Division  much  more  efficiently. 
The  Gallipolis  methodology,  tools  and  data  are  now 
being  used  in  navigation  system  studies  at  several 
projects  in  ORD.  including: 

(1)  L/D  52/53  on  the  lower  Ohio  River 

(2)  Lower  Cumberlanl  River 

(3)  Kanawha  River 

(9)  Rig  Sandy  Ri/er 

(5)  Monongahela  River 

(6)  Emsworth,  Dashields  and  Montgomery  L/D's 
the  Upper  Ohio  River 


Significant  applications  also  have  been  made  in 
support  of  the  O&M  program,  including  assessments  of 
reduced  operating  hours,  and  reduced  government 
services  at  various  locks. 

The  major  problem  in  the  economic  evaluation  of  a 
lock  and  dam  project  is  the  interdependence  of  traffic 
flows  among  the  many  projects  within  the  system.  A 
change  in  the  performance  of  one  project  can  affect  the 
efficiences  of  other  components  of  the  system  in  at 
least  two  ways:  (1)  By  increasing  service  demands  at 
the  other  structures  and  (2)  by  changing  the  economic 
and  physical  characteristics  of  the  demand  at  other 
structures.  Conversely,  the  capabilities  of  other 
components  of  the  system  can  restrict  traffic  flows  at 
the  project  under  study  and  prevent  the  mater ial izat ion 
of  expected  benefits. 

Therefore,  system  studies  which  take  into  account 
these  interactions  are  of  major  importance  in  the 
planning  and  design  of  navigation  projects  as  well  as 
their  operation  and  management.  Basically,  systems 
analysis  has  three  major  objectives: 

(1)  Measure  Total  System  Performance.  First  it 
is  necessary  to  be  able  to  measure  total  system 
performance  in  order  to  estimate  the  incremental 
oenefits  and  impacts  of  a  change  to  the  system  (e.g. 
larger  locks).  What  is  meant  by  system  performance? 

Any  number  of  variables  can  be  used  to  describe  how  a 
project  or  system  is  performing,  including  tons  or  ton- 
miles  moved,  number  of  tows  and  barges  locked,  lock 
delays  and  processing  times  and  numerous  others.  All 
of  these  are  important. 

However,  the  most  important  measure  of  system  perfor¬ 
mance  is  system  rate  savings  or  the  total  savings  in 
transportation  costs  for  all  of  the  traffic  that 
moves.  And,  contrary  to  "conventional  wisdom",  the 
most  efficient  level  of  traffic  on  any  given  system  is 
not  necessarily  the  highest  possible  level.  High 
traffic  levels  may  result  in  delays  and  other  ineffi¬ 
ciencies  of  such  a  magnitude  that  total  system  savings 
could  actually  be  increased  by  restricting  traffic  on 
the  system. 


(2)  Measure  Incremental  System  Benefits  and 
Impacts .  After  measuring  total  system  performance,  the 
incremental  system  benefits  for  individual  projects  or 
elans  are  measured  by  varying  the  key  operational  vari¬ 
ables  such  as  lockage  time,  lock  capacity  and  tonnage- 
ielay  relationships  for  the  specific  project  being 


considered  and  then  tabulating  incremental  changes  in 
system  rate  savings.  The  procedure  is  applicable  to 
structural  as  well  as  nonstructural  measures. 

(3)  Determine  Optimum  Plan.  Benefits  computed  in 
this  manner,  which  take  into  consideration  the  added 
system  efficiencies  created  by  the  plan  as  well  as  any 
inefficiencies,  form  the  proper  basis  for  determining 
the  economic  optimum  plan. 

The  Principles  and  Guidelines  (P&G)  for  water 
resources  planning  (ER  1105-2-40)  prescribes  10  major 
tasks  or  steps  to  be  followed  for  economic  studies  of 
inland  navigation  projects,  starting  with  identifying 
the  study  area  and  ending  with  estimating  NED  benefits. 

These  ten  tasks  can  be  conveniently  summarized 
into  three  major  types  of  economic  studies. 

(1)  Commodity  Flow  Studies 

(2)  Transportation  Rate  Studies 

(3)  System  Modeling/Senefit  Studies 

Specific  efforts  for  each  of  these  major  studies 
for  the  Gallipolis  Study  will  now  be  summarized. 

The  primary  study  area  for  each  study  was  defined 
as  the  entire  Ohio  River  navigation  system.  The  system 
includes  some  2,600  miles  of  navigable  waterway 
controlled  by  71  lock  and  dam  projects  along  the  main 
stem  Ohio  River  and  its  major  tributaries,  including 
the  Monongahela,  Allegheny,  Kanawha,  Green,  Kentucky, 
Cumberland  and  Tennessee  Rivers.  Based  up on  a  study  of 
the  shipping  patterns  for  Gallipolis  traffic,  this  area 
was  judged  to  be  more  than  adequate  for  capturing  any 
significant  system  impacts  resulting  from  an  improve¬ 
ment  at  Gallipolis.  Additionally,  this  definition 
provided  for  a  consistently  developed  systems  data  base 
for  use  in  navigation  studies  in  all  four  of  the  0RD 
districts,  as  this,  too,  was  considered  to  be  an 
important  objective. 

The  commodity  flow  studies  were  concerned  with 
analyzing  existing  and  historical  commodity  flows  and 
shipping  patterns  for  the  Ohio  River  system,  and  the 
projection  of  future  barge  traffic  demands.  For  this 
analysis,  several  years  of  traffic  data  were  obtained 
from  the  Waterborne  Commerce  Statistical  Center  in  Mew 
Orleans.  For  study  purposes,  these  data  which  reported 
detailed  dock-to-dock  shipments  were  aggregated  in 
several  ways  to  meet  study  needs.  First,  total  annual 
traffic  flows  were  developed  between  unique  port/dock 
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pairs.  Further  aggregation  was  then  performed  to 
provide  port  equivalent-to-port  equivalent  flows 
(PE-PE)  and  BEA-to-3EA  flows. 

The  individual  4-digit  commodity  tonnages  were  also 
aggregated  to  nine  major  commodity  groups  for  study 
purposes.  These  three  levels  of  geographic  aggregation 
(dock,  PE  and  BEA)  provided  basically  all  of  the  barge 
traffic  data  required  to  initiate  the  economic  studies. 

Obviously  a  major  ingredient  in  any  navigation 
study  is  the  projection  of  future-  traffic  demands. 

Three  independent  traffic  projection  studies  were 
initiated  for  the  Ohio  River  system,  again  through  the 
cooperative  efforts  of  the  four  district  offices  and 
the  division  office.  Each  study  was  performed  by  an 
outside  consulting  firm  using  separate  projection 
techniques.  The  scope,  complexity  and  timing  of  these 
studies  was  phased  in  such  a  manner  that  traffic 
projections  ware  available  during  each  key  phase  of  the 
Gallipolis  study  and  were  commensurate  with  the  level 
of  formulation. 

The  studies  in  order  of  accomplishment  and  the 
responsible  contractor  include: 

(1)  Short-term  commodity  forecasts  based  on 
correlation  and  regression  analysis  of  historical 
commodity  flows  on  the  system  and  regional  growth  indi¬ 
cators  by  Co ns ad  Research  Corporation,  Pittsburgh ,  PA ; 

(2)  Short-term  commodity  forecasts  derived 
through  a  structured  survey  of  all  system  users  by 
Battelle  Memorial  Institute,  Columbus,  Ohio;  and 

(3)  Short-  and  long-term  projections  of  traffic 
demands  based  upon  a  detailed  market  demand  study, 
commodity  resource  inventory  and  modal  split  analysis 
for  waterborne  commodities  in  the  Ohio  River  Basin  by 
Robert  R.  Nathan  Associates,  Washington,  D.C. 

The  end  result  of  all  three  studies  was  an  esti¬ 
mate  of  future  demands  on  the  system  by  commodity  group 
and  origin-destination  area  (PE  and  BEA).  Specifica¬ 
tion  of  origin  and  destination  areas  was  critical  for 
later  use  in  system  studies  as  it  permited  tracing  the 
flows  through  the  system  to  describe  traffic  demands  at 
each  lock  and  dam.  It  must  be  emphasized  however,  that 
the  projections  represent  traffic  demands  and  not  what 
can  actually  move  on  the  system. 

The  second  major  element  of  the  economic  studies 
was  transportation  rate  surveys,  also  developed  for  the 
entire  Ohio  River  system.  The  objective  of  the  rate 


surveys  was  to  develop  a  transportation  rate  matrix 
which  described  the  rates  and  charges  for  each  origin- 
destination  traffic  movement  on  the  system.  Obviously, 
it  was  not  feasible  nor  desirable  to  perform  detailed 
rate  studies  for  every  dock-to-dock  movement.  Conse¬ 
quently,  statistical  sampling  methods  were  used  to 
develop  the  rate  matrix. 

A  sample  of  over  1500  individual  dock-to-dock  movements 
were  chosen  for  detailed  rate  studies.  Rates  and 
charges  were  then  developed  for  each  of  the  1500 
movements  for  (1)  the  existing  water-routing,  (2)  least 
costly  all-overland  routing,  and  (3)  alternative  land- 
water  routings.  The  firm  of  Charles  Donley  and 
Associates  conducted  the  necessary  rate  studies  for  the 
sample  movements. 

Rates  for  all  unsampled  movements  were  subse¬ 
quently  developed  using  the  data  for  the  1500  sample 
movements  and  well  established  statistical  methods. 

For  each  commodity  movement  on  the  system,  the  matrix 
describes  4  key  items  of  information: 

(1)  The  existing  barge  line  haul  rate  per  ton, 

(2)  All  other  charges  associated  with  the  exist¬ 
ing  water-routing,  (e.g.  loading,  unloading 
and  transfer  charges  and  any  prior  or  subse¬ 
quent  overland  hauls), 

(3)  The  total  transportation  cost  per  ton  for  the 
existing  water  routing  (sum  of  above  items; 
and  , 

(4)  Total  transportation  charge  per  ton  for  the 
least-costly  overland  routing. 

The  segregation  of  the  barge  line-haul  rate  from 
the  total  water-routing  cost  was  critical  to  our 
systems  analyses.  As  will  be  stated  momentarily,  the 
barge  line-haul  rate  is  the  only  portion  of  the  total 
water-routing  charge  which  is  assumed  to  change  in 
future  years  in  response  to  changes  in  systems  use 
(e.g.  tonnage)  or  a  change  in  the  system  itself  (new 
lock)  . 

At  this  point,  then,  it  is  known  what  future 
demands  are  likely  to  be  and  the  relevant  rates  for 
shipping  in  the  present  market.  In  order  to  estimate 
how  much  of  the  future  demands  could  actually  move  by 
barge,  it  was  necessary  to  have  some  knowledge  of 
future  barge  shipping  costs  relative  to  overland  modes. 

As  waterway  traffic  increases  through  time,  congestion 
will  cause  additional  delays  and  result  in  increases  in 
barge  rates.  Traditionally,  in  navigation  studies  it 
had  been  assumed  that  future  increases  in  barge  rates 


would  be  matched  by  increases  in  overland  rates  and, 
therefore,  today's  rate  differentials  would  remain  con¬ 
stant  over  time.  Current  policy  does  not  permit  this 
simplifying  assumption  with  regard  to  barge  rates.  It 
requires  an  assessment  of  future  system  delays  associ¬ 
ated  with  the  projected  traffic  volumes  and  the  impact 
of  those  delays  on  barge  rates.  Current  policy  does, 
however,  permit  the  assumption  that  overland  rates  will 
remain  unchanged  through  time,  and  this  assumption  was 
used  in  the  analysis.  The  task,  then,  was  to  develop  a 
procedure  for  evaluating  the  incremental  impact  of  a 
single  improvement  in  the  system  (new  locks  at 
Gallipolis)  which  uses  prevailing  rates  and  at  the  same 
time  realistically  considers  the  impact  of  future 
system  congestion. 

The  "model"  utilized  by  the  Huntington  District  in 
estimating  future  barge  line-haul  costs,  rate  savings 
and  traffic  levels,  was  the  Tow  Cost  Model  and  a  number 
of  supporting  programs.  The  Tow  Cost  Model  is  actually 
a  refined  and  expanded  version  of  the  Flotilla  Model 
which  was  developed  under  the  Corps’  INSA  program.  It 
was  later  modified  by  the  Department  of  Transportation 
for  use  in  their  initial  user  charge  studies  and 
further  refined  by  the  Huntington  District  for  the 
Gallipolis  study. 

The  Tow  Cost  Model  is  a  set  of  computer  programs 
and  data  files  designed  specifically  for  use  in  system- 
wide  navigation  economic  studies.  Using  detailed  input 
data  which  describes  (1)  the  waterway  system  being 
evaluated,  (2)  the  equipment  used  for  towing  opera¬ 
tions,  (3)  the  costs  to  industry  for  owning,  operating 
and  maintaining  the  towing  equipment,  and  (4)  the 
commodity  flows  and  shipping  patterns  on  the  system, 
the  model  calculates  the  towing  equipment  required  and 
the  cost  for  moving  the  traffic. 

The  number  and  types  of  barges  and  towboats  are 
selected  by  the  model  on  a  least-cost  basis.  The 
least-cost  means  of  shipment  for  each  origin- 
destination  movement  is  determined  by  the  model  by 
evaluating  the  costs  for  all  possible  shipping  plans 
and  allowable  tow  sizes.  The  costs  are  determined  by 
first  tabulating  the  time  required  for  the  logical 
combination  of  events  needed  to  move  the  tow  from  the 
shipping  point  to  the  receiving  point,  accounting  for 
interaction  of  tows  at  commonly  shared  facilities  such 
as  locks.  The  major  time  elements  include  (1)  time 
spent  loading  and  unloading  barges,  (2)  tow  transit 
time  in  open  river  situations,  (3)  lockage  time  and 
lock  delay,  and  (4)  time  spent  in  refleeting  opera¬ 
tions.  These  times  are  then  translated  into  the  cost 
of  transport  by  application  of  equipment  costs  per  unit 


of  time  which  is  input  to  the  model.  These  costs  are 
obtained  from  the  annual  equipment  cost  surveys 
conducted  by  the  Water  Resources  Support  Center  and 
verified  through  contacts  with  local  shippers. 

Input  data  necessary  to  run  the  Tow  Cost  Model  is 
large.  The  major  items  of  required  data  include: 

(1)  Waterway  Physical  Description 

*  Rivers  River  Segments  (Length,  Depth, 
Velocity) 

'  Locks  (Location,  Capacity,  Lockage  Time, 
Delay  Function) 

'  Ports  (Location,  Loading,  Unloading  & 
Fleeting  Times) 

*  Refleeting  Points  (Location  &  Refleeting 
Times) 

(2)  Towing  Equipment  Descriptions 

*  Towboats  (Physical  Dimensions,  Horsepower 
Fuel  Consumption  Rate,  Fuel  Price, 
Operating  Costs) 

*  Barges  (Physical  Dimensions,  Capacity, 
Costs) 

(3)  Commodity  Transportation  Class 

*  Commodity  Names 

*  Handling  Class  (e.g.  Dry  Bulk,  Liquids, 
Speciality  Products) 

'  Density 

*  Value/Ton 

*  Barge  Type 

'  Inventory  Holding  Costs 

(4)  Commodity  Shipment  List 

*  Commodity  Name 

*  Origin  Port 

*  Destination  Port 

*  Tonnage  By  Season 

*  Percent  Dedicated  Equipment 

(5)  Waterway  User  Charge  Specifications 
'  Federal  Costs  By  River 

*  Costs  to  be  Recovered  by  River 

*  Collection  Mechanisms 

-  Lockage  Fees 

-  Segment  Tolls 

-  Fuel  Tax 

-  Tow  and  Barge  Registration  Fees 

The  primary  output  from  the  Tow  Cost  Model  is  a 
file  which  contains  data  describing  the  costs  for  each 
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origin-destination  movement.  Hard  copy  reports  are 
also  provided  which  summarize  the  model  results, 
includ ing  : 

(1)  Annual  Towboat  Utilization  and  Costs 

(2)  Annual  Barge  Utilization  and  Costs 

(3)  Tow  Size  Distribution 

(4)  Lock  Utilization 

(5)  Lock  Costs 

(6)  Port  Utilization 

(7 )  Port  Costs 

(8)  Segment  Cost  Summary 

(9 )  User  Charge  Summary 

(10)  Fuel  Tax  Analysis 

(11)  Lockage  Fee  Analysis  (not  pertinent  to  this 
study) 

(12)  Segment  Fee  Analysis  (not  pertinent  to  this 
study) 

(13)  Registration  Fee  Analysis  (not  pertinent  to 
this  study) 

(14)  Tow  Speeds  by  Waterway 

(15)  Tow  and  Barge  Loading  by  Class  at  Desired 
Locks 

(16)  Number  Loaded  Empty  and  Total  Barges  By 
Class  at  Desired  Locks 

(17)  Towboat  Size  Distribution  at  Desired  Locks 

The  movement-specific  costs  which  are  produced  by 
the  Tow  Cost  Model  are  used  by  supplemental  post¬ 
processors  to  adjust  barge  line-haul  rates  and  rate 
savings  through  time.  This  is  accomplished  by 
computing  the  percent  change  between  present  and  future 
modeled  costs  for  each  origin-destination  commodity 
movement  and  making  cor res  pond i ng  adjustments  in  the 
existing  barge  line- haul  rate  as  determined  through  the 
rate  survey.  The  revised  line  haul  rates  are  then 
added  to  the  other  (fixed)  components  of  cost  stored  in 
the  base  rate  matrix  to  yield  a  revised  total  water¬ 
routing  cost  for  each  movement. 

The  revised  total  cost  for  each  movement  is  then 
compared  with  the  base  overland  rates  to  determine  the 
revised  rate  savings.  The  pos t- proce ssor  then  ranks 
all  of  the  movements  in  the  input  shipment  list  from 
highest-to-lowest  unit  savings  and  provides  running 
totals  for  system  tonnage,  ton-miles,  total  water¬ 
routing  costs  and  total  system  rate  savings.  Similar 
rankings  are  provided  for  the  subset  of  system  traffic 
that  transits  Gallipolis  Locks. 

Having  defined  existing  and  future  demands  for 
waterway  traffic,  existing  transport  costs  by  barge  and 
the  least  costly  alternative,  a"d  a  method  for 
estimating  future  barge  shipping  costs,  the  remainder 


of  the  evaluation  involves  application  of  supol v-demand 
analysis  to  estimate  the  level  of  system  performance 
under  with  and  without  plan  conditions. 

Since  the  model  is  designed  to  represent  static 
conditions,  the  important  element  of  dynamics  in  the 
supply-demand  analysis  is  interjected  through 
repetitive  model  runs.  The  primary  objective  in  the 
supply-demand  analysis  is  to  define  the  equilibrium 
level  of  system  traffic  for  "with"  and  "without"  plan 
conditions  and  the  associated  system  rate  savings. 
Equilibrium  traffic  levels  means  that  level  of  system 
use  at  which  average  system  rate  savings  for  the  last 
added  movement  just  equals  the  average  system  towing 
costs.  Theoretically,  tonnage  would  not  exceed  this 
point  since  cheaper  transport  alternatives  would  be 
available . 

For  basically  all  future  year  model  runs,  it  was 
found  that  system  traffic  demands  exceeded  the 
equilibrium  level,  resulting  in  prospective  negative 
rate  savings  for  many  movements.  Since  these 
uneconomic  movements  impact  the  efficiency  of  all  other 
movements  with  common  routings,  it  was  necessary  to 
delete  these  movements  from  the  input  shipment  list  in 
small  increments  and  repeat  the  modeling  process. 

Movements  were  selected  for  diversion  from  highest-to- 
lowest  dis-savings.  The  diversion  process  was  repeated 
until  the  system  traffic  level  was  reached  at  which  all 
movements  exhibited  a  positive  average  rate  savings. 

This  process  was  used  to  define  the  equilibrium 
traffic  level  for  each  decadal  traffic  projection  and 
each  project  change  being  evaluated  at  Gallipolis. 
Gallipolis  project  changes  evaluated  include  increased 
capacity  at  the  existing  facility  by  implementation  of 
no n-struct ural  measures  and  by  the  addition  of  new  lock 
structures.  Non-structural  measures,  including  helper 
boats  also  were  evaluated  at  othen  congested  looks  in 
the  system  as  conditions  warranted.  By  varying  the 
model  input  parameters  such  as  lock  capacity  and 
lockage  time  one  at  a  time  to  reflect  these  imorove- 
ments,  incremental  differences  in  system  performance 
assignable  to  each  improvement  were  estimated. 

Potential  benefits  for  a  lock  congestion  fee  at 
Gallipolis  also  was  evaluated.  This  was  accomplished 
by  diverting  additional  increments  of  Gallipolis 
traffic  beyond  the  equilibrium  level  until  the  point 
was  identified  at  which  marginal  towing  costs  equaled 
rate  savings  (social  optimum  traffic  level).  The 


difference  in  system  rate  savings  between  the  equilib¬ 
rium  and  social  optimum  traffic  levels  represent  the 
benefits  for  the  congestion  fee. 

NED  benefits  for  each  alternative  were  then 
determined  by  constructing  a  time  series  of  system  rate 
savings  for  the  without  plan  condition  and  for  each 
plan  of  improvement  from  the  model  output.  These 
values  were  then  used  to  calculate  the  incremental 
system  rate  savings  attributable  to  each  alternative 
over  time.  Average  annual  benefits  were  then  computed 
by  converting  these  values  to  equivalent  annual 
amounts . 

NED  costs  were  computed  in  a  similar  manner. 

Costs  for  the  with  and  without  plan  conditions  include 
all  actions  required  to  produce  the  system  rate  savings 
that  were  measured  for  each  condition.  The  incremental 
costs  for  each  Gallipolis  replacement  alternative 
represents  the  difference  between  "with"  and  "without" 
plan  system  costs. 

Once  the  modeling  process  was  completed, 
sufficient  data  had  also  been  generated  for  system 
impact  evaluations.  Data  are  readily  available  to 
evaluate  the  impact  of  each  alternative  on  (1)  total 
system  traffic  levels,  (2)  traffic  at  critical 
projects,  (3)  system  lock  delays,  (4)  delays  at  other 
critical  projects,  and  other  variables. 

Data  are  also  available  on  the  specific 
commodities  diverted  from  overland  transport  modes 
under  each  alternative  including  annual  tonnage  and 
origin-destination  points. 

These  data  together  with  information  on  the  financial 
and  operating  characteristics  of  affected  modes  can 
form  the  basis  for  overland  mode  impact  assessments. 

In  addition  to  its  value  in  basic  formulation,  the 
model  also  can  be  used  to  evaluate  the  sensitivity  of 
the  recommended  plan  to: 

(1)  Alternative  Traffic  Demand  Scenarios; 

(2)  Changes  in  Overland  Rates; 

(3)  Changes  in  Barge  Rates; 

(4)  Changes  in  Fuel  Prices; 

(5)  Future  Lock  Improvements  Elsewhere  in  the 
System;  and 

(6)  User  Charge  Recovery. 


Concerning  user  charges,  the  Principles  and 
Guidelines  require  that  a  sensitivity  test  be  performed 
to  determine  the  impact  of  50  percent  and  100  percent 
recovery  of  system  costs. 

The  guidelines  further  specify  the  use  of  a  fuel  tax  as 
the  collection  mechanism.  A  uniform  system-wide  tax 
was  assumed  for  the  analysis.  Segment-specific  fees 
were  not  evaluated.  The  costs  to  be  recovered  w-:re 
defined  as  the  without  and  with  plan  system  costs  that 
were  discussed  hereinbefore . 

Starting  with  the  equilibrium  traffic  level  in 
each  decade  for  the  without  plan  condition,  an  initial 
estimate  was  made  of  the  fuel  tax  required  to  recover 
50  percent  of  the  without  plan  costs.  This  tax  was 
then  input  to  the  model  and  the  equilibrium  traffic 
level  was  re-ran.  The  model  output  was  then  inspected 
to  determine  if  the  target  recovery  level  had  been 
achieved  and  whether  or  not  there  were  any  uneconomic 
movements  at  the  higher  shipping  costs.  If  uneconomic 
movements  were  found,  they  were  then  diverted  in  the 
same  manner  as  previously  stated  and  a  new  tax  was 
estimated  for  the  lower  traffic  level. 

This  process  of  gradually  increasing  the  tax  and 
diverting  uneconomic  traffic  was  repeated  until  the 
model  showed  sufficient  revenue  being  generated  to 
recover  first  50  percent  and  then  100  percent  of 
without  project  costs  in  each  decade;  The  same  steps 
also  were  used  to  estimate  the  required  tax  for 
recovery  of  with  plan  costs.  The  incremental  system- 
wide  taxes  necessary  to  recover  50  percent  and  100 
percent  of  the  incremental  annual  costs  for  the  plan 
recommended  in  the  Gallipolis  report  were  then 
estimated  by  comparing  the  without  plan  and  with  plan 
taxes  in  each  time  period. 

In  summary  it  can  be  stated  that: 

(1)  Even  though  initial  obstacles  appeared  to  be 
formidable,  systems  analysis  can  be  performed  with 
available  technology  and  a  tremendous  amount  of  work; 

(2)  The  analysis  can  be  tailored  to  provide 
results  that  can  be  easily  and  effectively  incorporated 
into  project-specific  formulation; 

(3)  Although  Gallipolis  is  the  most  critical 
bottleneck  in  the  Ohio  River  system,  several  other 
locks  were  found  to  be  problem  spots  early  in  the 
planning  period  and  prevented  the  full  realization  of 
the  benefit  potential  at  Gallipolis  for  all  of  the 
plans  that  were  evaluated; 
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(4)  Nonstruc tural  traffic  management  measures  can 
provide  sizable  benefits  in  relation  to  the  benefits 
for  lock  replacement  alternatives; 

(5)  Even  though  the  model  is  a  very  valuable 
tool,  the  key  elements  of  the  analysis  are  the  traffic 
projections,  the  rate  studies  and  the  lock  capacity 
analysis.  Therefore,  study  efforts  should  focus  on 
these  items,  at  least  early  on  in  the  study; 

(6)  Considerable  time  should  be  spent  early  in 
the  evaluation  in  scoping  the  system  to  be  studied  , 
tailoring  the  data  collection  efforts,  and  in 
calibrating  and  testing  the  model. 

(7)  Accurate  and  consistently  collected  PMS  and 
WCSC  data  are  absolutely  essential  to  proper  system 
eval uations . 
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Measurement  and  allocation  of  transportation  savings,  benefits  and 
cost3  for  alternative  system  configurations  in  the  Upper  Mississippi  River 
Basin  requires  the  consideration  of  several  important  issues.  Foremost 
amongst  these  issues  is  the  inter-relationship  between  locks  in  the  system 
and  the  manner  in  which  alterations  at  one  lock  affect  the  operational 
performance  of  the  entire  navigation  system.  This  issue  is  generically 
referred,  to  as  systems  analysis  and  is  concerned  with  the  analysis  and 
description  of  impacts  within  a  system  resulting  from  the  modification  of 
some  portion  of  the  system.  From  an  analytical  viewpoint,  it  is  useful  to 
conceptualize  systems  analysis  as  a  delineation  of  the  scope  of  impacts 
that  a  model  is  designed  to  address  rather  than  as  a  specific  model  that 
must  be  used  in  evaluation. 


Once  a  framework  for  a  systems  analysis  i3  selected,  two  issues 
surface  that  impact  the  efficacy  of  this  framework.  The  first  i3 
concerned  with  data  availability  and  accuracy  for  use  in  this  framework. 
For  example,  data  on  tonnage  volumes  shipped  on  the  waterway  are  readily 
available.  However,  the  true  origins  or  destinations  of  these  shipments 
and  their  associated  transportation  rates  charges  are  not,  so  that  the 
availability  and  accuracy  of  information  on  these  data  items  must  be 
evaluated.  The  second  issue  concerns  the  construction  and  solution  of  a 
model  based  on  this  framework. For  example,  how  large  is  the  system  which 
the  model  must  encompass  and  what  constitutes  a  solution  to  the  model? 

The  data  issue  is  addressed  in  earlier  sections  and  will  not  be  dealt 
with  here.  The  second  issue  doe3  impact  on  the  construction  of  the 

systems  analysis  model  and  is  a  focal  point  of  this  section.  The 
|  remainder  of  this  section  will  discuss  the  theoretical  underpinnings  of 
the  model  developed  and  used  in  this  study  and  the  nature  of  the  solution 
generated  by  this  model.  For  purposes  of  tractability  we  begin  this 
discussion  by  focusing  on  a  one  lock  system  and  then  expand  the  discussion 
to  the  nature  of  relationships  between  locks  that  need  be  satisfied  within 
the  systems  analysis  framework. 

I 

Evaluation  of  a  One  Lock  System 


The  basic  evaluation  framework  of  navigation  projects  is  an 
examination  of  incremental  project  benefits  and  costs  under  the  "with"  and 
"without"  project  conditions.  Costs  of  the  project  represent 
construe' ion,  operating,  and  maintenance  outlays  associated  with  the 
project  and  are  not  included  in  the  modeling  of  benefits  directly.  This 
is  3 imp i.y  a  function  of  the  cost  recovery  mechanism  currently  in  effect  on 
the  water-ays,  although  conceptually  these  costs  can  be  incorporated  into 
the  m3 deling  of  benefits  with  various  alternative  cost  recovery  mechanisms. 
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Benefits  for  navigation  projects  consist  of  two  components, 
transportation  savings  and  lock  delay  reductions  resulting  from  a 
navigation  improvement.  For  example,  let  the  demand  for  lock  usage  be  a 
function  of  transportation  costs  by  various  modes  and  lock  supply  a 
function  of  the  operating  characteristics  of  a  particular  lock.  When 
demand  fcr  lock  usage  exceeds  the  available  supply  of  the  lock,  some 
traffic  cannot  utilize  the  lock.  In  particular,  as  the  amount  of  traffic 
passing  through  a  lock  increases,  delays  at  the  lock  increase  due  to 
increased  levels  of  congestion.  This  raises  the  cost  of  transportation  on 
the  waterway.  At  some  point  the  increased  costs  will  exceed  those  of  some 
alternative  mode  for  some  movements,  and  shippers  of  these  movements  will 
find  it  more  economical  to  use  an  alternative  mode. 

This  idea  is  graphically  demonstrated  in  Figure  1.  The  damand  curve 
DD  shows  for  each  ton  of  commerce  desirous  of  lockage  the  difference 
between  total  water  transportation  costs  with  no  lock  delays  and  the  total 
costs  of  movement  via  the  next  least  costly  alternative  mode  of  shipment. 
This  difference  will  be  called  the  Gross  Rate  Savings  of  that  ton's 
potential  movement  via  the  waterway.  The  supply  curve  SS  i3  simply  the 
delay  costs  incurred  by  each  movement  as  different  levels  of  tonnage 
transit  the  lock.  It  is  upward  sloping  to  represent  the  notion  that  as 
more  tons  pass  through  a  given  lock,  greater  levels  of  congestion  occur, 
and  consequently,  higher  per  ton  costs  of  delay  are  incurred.  The 
equilibrium  price  or  congestion  co3t  is  P  with  tonnage  of  T  actually 
transiting  the  lock.  All  tonnage  to  the  "left"  of  T  find  it  3till  cheaper 
to  move  on  the  waterway  than  on  the  next  cheapest  alternative  mode, 
whereas  all  tonnage  to  the  "right"  of  T  find  it  economically  more 
advantageous  to  use  some  transportation  mode  other  then  the  waterway. 
Hence,  T  tons  will  pas3  through  the  lock  and  incur  congestion  costs  of  P 
dollars. 

This  simple  model  can  be  expanded  to  illustrate  the  computation  of 
project  benefits  under  the  "with"  and  "without"  project  conditions.  Let  S 
be  the  "without"  project  supply  and  S'  be  the  "with"  project  supply  curve 
for  the  lock.  Since  navigation  projects  are  undertaken  to  alleviate 
waterway  constraints,  S'  lies  to  the  right  of  S.  That  is,  for  a  given 
level  of  tonnage  transiting  the  lock  lower  levels  of  congestion  costs  are 
incurred  per  ton  under  the  "with"  project  condition.  For  each  condition 
the  benefits  are  the  total  gross  rate  savings  for  traffic  traversing  the 
lock  ai.ou.r  delay  cost3  associated  with  that  level  of  traffic.  Thus  the 
incremental  benefits  associated  with  S'  are  the  increased  net 
transportation  savings  of  any  increase  in  traffic  plus  any  delay 
reducr.i:  for  traffic  that  traverses  the  lock  under  the  "without" 
condi t_ :r.  -  In  Figure  2  the  transportation  savings  are  represented  by  the 
area  AVI  o.r.c  the  delay  reductions  by  the  area  ACP^Pq. 

Sffe  :;ively ,  this  methodology  will  eliminate  movements  by 
origin-destination  in  a  systematic  fashion.  The  level  of  lock  delay  time 
in  relation  to  the  gross  rate  savings,  including  accessorial  costs,  is 
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used  as  the  economic  variable  to  divert  traffic  from  the  system.  This 
rationale  stems  from  optimizing  behavior  on  the  part  of  shippers  and 
carriers  and  the  nature  of  the  lock  supply  curve.  (As  high  levels  of  lock 
utilization  are  reached,  the  delay  costs  at  the  lock  will  increase  due  to 
increased  levels  of  congestion).  Assuming  that  shippers  are  price  takers, 
the  increased  delays  will  increase  their  shipping  costs  on  the  waterway. 
At  the  point  where  the  gross  rate  savings  on  the  waterway  equals  the  delay 
costs  on  the  waterway,  the  shipper  is  indifferent  between  various  modes. 
However,  any  additional  delays  will  make  it  less  costly  to  utilize  some 
alternative  transportation  mode  and  the  movement  will  be  diverted  from  the 
waterway. 

Evaluation  of  System  With  More  Than  One  Lock 

The  evaluation  methodology  for  a  one  lock  system  is  straightforward 
and  can  be  conceptually  extended  to  the  evaluation  of  a  system  with  two  or 
more  locks.  However,  this  evaluation  requires  that  the  total  system  be 
modeled  simultaneously.  That  is,  the  equilibrium  at  each  individual  lock, 
as  discussed  above,  is  dependent  on  the  equilibrium  at  every  other  lock 
included  in  the  system.  This  results  from  multi-lock  movements  in  the 
system  tying  together  the  demands  at  the  individual  locks.  Thus  the 
determination  of  any  individual  lock  equilibrium  requires  knowledge  of  the 
equilibrium  at  all  locks  in  the  system.  While  the  conceptual  basis  of 
measuring  benefits  is  the  same  for  both  cases,  the  consideration  of  a 
multi-lock  system  requires  the  use  of  significantly  more  advanced 
computational  techniques  than  need  be  applied  to  the  single  lock  system. 

The  need  for  more  advanced  computational  techniques  is  rather  easily 
demonstrated.  In  a  single  lock  system,  demand  is  specified  a3  a  function 
of  transportation  rates  (total  transportation  cost  differentials)  with  no 
demand  effects  arising  from  other  components  of  the  system.  This  i3  an 
obvious  simplification  unless  there  is  no  multi-lock  traffic  utilizing  a 
particular  lock,  which  is  certainly  not  the  case  for  the  majority  of  locks 
on  the  Upper  Mississippi  River  System.  Effectively,  this  specification 
ignores  other  system  components  under  the  assumption  that  modifications  at 
one  lock  do  not  significantly  affect  any  operational  aspects  of  other 
components  in  the  system.  For  small  changes  at  a  particular  lock,  this 
method  is  probably  sufficient  and  is  certainly  a  method  whose  use  is 
supported  oy  the  bulk  of  theoretical  work  performed  in  microeconomics. 
However,  with  rather  large  changes  in  a  system,  the  assumption  that 
systems  effects  are  quite  minor  becomes  much  more  difficult  to 
rationalize,  requiring  an  explicit  consideration  of  other  system 
compere- -s  end  the  relationship  between  system  components. 

7‘-  ..creased  sophistication  necessary  in  this  evaluation  stems  from 
the  fa::  cat  (i)  a  movement  will  divert  from  the  waterway  when  total 
systems  --.ays  for  the  portion  of  the  system  used  by  the  movement  exceed 
rate  3avi-<s,  rather  than  delays  at  only  one  lock,  and  (ii)  the  delays  and 
traffic  computed  for  each  component  for  the  system  must  be  logically 
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consistent  with  the  delays  and  traffic  computed  for  all  other  locks  in  the 
system.  This  requires  that  the  equilibration  at  all  system  component  take 
place  simultaneously.  In  the  evaluation  procedure  used  in  this  analysis, 
thi3  simultaneous  equilibration  is  achieved  through  the  U3e  of  a  computer 
algorithm  based  on  fixed  point  theorems.  Effectively,  the  results  at  each 
individual  lock  are  exactly  like  the  single  lock  case,  but  hney 
incorporate  the  fact  that  the  equilibrium  at  each  lock  mu3t  exist,  jointly 
with  equixiorium  in  the  system  as  a  whole. 

Model  Operation  and  Use 

The  workings  of  the  algorithm  can  best  be  illustrated  in  a  simple 
two-lock  system  example.  Without  loss  of  generality,  assume  that  the  two 
locks  in  the  system  have  identical  capacities  and  supply  (tonnage-delay 
cost)  relationships  as  shown  in  Figures  3a  and  3b.  Now  suppose  there  are 
three  potential  movements  desirous  of  using  the  sytem  and  again  for 
simplicity's  sake  assume  the  movements  are  all  of  the  same  commodity.  Let 
movement  number  one  consist  of' one  ton,  have  a  gross  rate  savings  of  $4.00 
per  ton,  and  be  desirous  of  using  only  Lock  1.  Let  movement  number  two 
consist  of  five  tons,  have  a  gross  rate  savings  of  $1.00  per  ton,  and  be 
desirous  of  using  only  Lock  2.  Finally,  let  movement  number  three  consist 
of  three  tons,  have  a  gross  rate  savings  of  $3.50  per  ton,  and  be  de3irou3 
of  using  both  Lock  1  and  Lock  2. 

To  determine  the  system  equilibrium  (i.e.,  the  equilibrium  at  each 
lock  consistent  with  each  other)  the  algorithm  begins  by  computing  the 
equilibrium  at  each  lock  assuming  that  there  is  no  delay  costs  anywhere 
else  in  the  system.  This  is  illustrated  in  Figures  4a  and  4b.  First, 
notice  only  movement  three  appears  in  both  demand  curves  as  it  is  the  only 
movement  desirous  of  using  both  locks.  From  the  figures  it  is  readily 
apparent  that  at  Lock  1,  all  four  tons  demanding  lockage  will  use  the  lock 
and  incur  delay  cost3  at  that  lock  of  $2.00  per  ton.  Similarly,  at  Lock  2 
only  the  three  ton3  of  movement  three  will  use  the  lock  and  incur  a  delay 
cost  of  $1.50  per  ton.  Here  movement  two  will  find  it  cheaper  to  divert 
from  the  waterway  to  its  next  cheapest  alternative  mode,  as  the  delay 
costs  incurred  outweigh  the  gross  differential  it  enjoys. 

Mote  that  while  each  lock  is  in  equilibrium  individually, 
collectively  a  systematic  equilibrium  has  not  necessarily  been  achieved. 
This  is  the  case  because  the  equilibrium  level  of  delay  costs  at  each  lock 
was  deri.-^d  upon  the  assumption  of  zero  delay  cost3  at  the  other  lock. 
The  equilibria  just  computed  are,  however,  upper  limits  on  the  system 
equilibrium  levels  of  delay.  That  is,  any  mutually  consistent  equilibria 
for  the  two  locks  must  be  less  than  or  equal  to  those  just  computed,  as  it 
wa3  assumed  that  no  delay  costs  are  incurred  by  lock  movements  even  if 
they  move  through  other  lock3. 

The  next  step  in  the  algorithm  is  to  pose  the  question:  ’’What  would 
be  the  equilibrium  levels  of  delay  costs  at  each  lock  given  that  the  other 
locx  had  a  level  of  delay  cost  equal  to  its  just  computed  upper  limit?" 
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The  derivation  of  the  two  new  equilibria  is  depicted  in  Figures  5a  and 
5b.  Since  movements  one  and  two  use  only  Lock  1  and  Lock  2  respectively, 
their  demand  for  use  of  each  lock  is  unaffected  by  delay  costs  elsewhere 
in  the  system.  However  movement  three  can  only  withstand  lower  delay 
costs  at  each  lock.  Since  it  has  a  gross  rate  savings  of  $3.50  and  by 
assumption  incurs  delay  cost  of  $1.50  at  Lock  2,  it  can  only  withstand 
$2.00  of  delay  costs  at  Lock  1.  Similarly,  since  by  assumption  it  incurs 
$2.00  of  delay  cost  per  ton  at  Lock  1  it  can  only  withstand  $1.50  of  delay 
costs  at  Lock  2  before  diverting.  Hence  the  new  demand  curves  are  formed 
as  depicted  in  Figures  5a  and  5b.  The  resulting  equilibrium  at  Lock  1 
again  shows  all  four  tons  will  move  at  a  delay  cost  of  $2.00.  At  Lock  2 
only  movement  three  will  move  and  incur  a  delay  cost  at  that  lock  of  $1.50. 

Now,  as  the  two  equilibria  just  computed  were  based  on  the  assumption 
of  "maximum"  delay  costs  elsewhere  in  the  system,  they  must  be  a  lower 
limit  on  potentially  consistent  equilibrium.  That  is,  any  mutually 
consistent  equilibrium  levels  of  delay  costs  at  Lock  1  and  Lock  2  must  be 
greater  than  or  equal  to  $2.00  and  $1.50  respectively.  But  we  have 
already  demonstrated  above  that  the  upper  limit  on  consistent  equilibrium 
delay  costs  are  $2.00  and  $1.50  at  Lock  1  and  Lock  2  respectively.  Hence, 
it  must  be  true  that  $2.00  and  $1.50  are  the  mutually  consistent 
systematic  equilibrium  delay  costs.  (If  at  this  point  the  upper  limits 
and  lower  limits  weren't  the  same,  the  algorithm  would  continue  by 
computing  a  new  upper  limit  on  the  quilibrium  delay  costs  by  assuming  that 
delay  costs  elsewhere  in  the  system  were  equal  to  their  newly  computed 
lower  limit,  and  so  on,  until  either  the  upper  limits  equal  the  lower 
limits  or  no  further  improvements  can  be  made  on  their  agreement). 

The  computation  of  net  benefits  is  now  readily  completed.  Movement 
one,  consisting  of  one  ton,  has  a  gross  rate  savings  of  $4.00,  but  incurs 
delay  costs  of  $2.00  per  ton  at  Lock  1  and  hence  has  a  net  transportation 
rate  savings  of  $2.00  ($4.00-$2.00)  per  ton.  Movement  two  diverts  from 
the  waterway  and  consequently  receives  no  benefits.  Movement  three  is  the 
"marginal"  movement  a3  it  has  a  gross  rate  savings  of  $3*50  per  ton  and 
incurs  total  systemic  delay  costs  of  $3.50  per  ton  ($2.00  at  Lock  1  and 
$1.50  at  Lock  2)  and  hence  receives  zero  net  benefits  per  ton.  The  total 
net  transportation  benefits  are  then  $2.00  in  this  example. 

To  find  the  incremental  benefits  attributable  to  a  change  in  the 
system  (f-r  example  an  increase  in  the  capacity  of  Lock  1)  one  only  need 
compute  the  resulting  new  systemic  equilibrium  attained  and  compare  net 
transportation  benefits.  System  wide  changes  caused  by  altering  the 
characteristics  of  a  component  of  the  system  are  explicitly  accounted  for 
in  the  new  systemic  equilibrium. 

The  actual  algorithm  used  to  evaluate  potential  changes  in  lock 
capacities  and  operating  characteristics  in  the  Upper  Mississippi  River 
System  is  a  computer  implemented  extension  of  that  just  demonstrated  in 
the  two  lock  example.  The  thirty-four  locks  in  the  system  are  modeled 
using  the  capacities  and  tonnage-delay  relationships  explained  in 
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Section  2  of  this  appendix.  Additionally,  since  many  different  commodity 
types  move  through  the  system,  each  having  a  different  lock  specific  per 
ton  \'"irly  cost  of  delay,  the  gross  rate  savings  of  each  potential 
movent..'  c,  are  converted  to  the  number  of  hours  of  delay  they  represent  at 
each  system  lock.  Consequently,  the  systemic  equilibria  estimated  by  the 
model  are  expressed  in  units  of  tons  and  hours  of  delay.  To  compute 
transportation  benefits,  the  hours  of  delay  are  reconverted  to  commodity 
specific  costs  using  data  developed  in  this  section  and  netted  from  the 
gross  rate  savings  of  the  non-diverted  movements.  Equilibria  are 
estimated  for  traffic  demands  in  the  years  1990,  1995,  2000,  2005,  2010, 
2020,  2030,  and  2040.  Benefits  for  intermediate  years  are  then 
interpolated  from  the  years  actually  computed  to  determine  average  annual 
net  transportation  benefits.  This  procedure  was  adopted  to  hold  down 
computer  costs  as  the  algorithm  in  its  present  computer  format  is  quite 
expensive  to  operate.  A  complete  Fortran  listing  of  the  basic  computer 
program  follows  along  with  relevant  input  data  used  in  the  evaluation  of 
each  scenario. 
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WATER  SUPPLY 

Dr.  W.  R.  Summit t,  Supervisory  Economist 
Economic  and  Social  Analysis  Branch-Planning  division 
Southwestern  Division 


Water  Supply  for  municipal  and  industrial  uses  has  been  an  important 
program  area  for  the  Southwestern  Division  since  the  1940's.  This  program 
interest  follows  the  intense  local  and  regional  concerns  for  dependable  water 
supplies,  in  the  southwest  (a  region  which  includes  high  plains  and  other 
areas  with  limited  rain  fall  and  many  water  quality  limitations  on  water 
sources ) . 

By  1982,  the  Southwestern  Division  had  developed  63  lakes  with  about  6.6 
million  acre-feet  of  water  supply  storage  and  an  estimated  firm  yield  of  2,691 
million  gallons  per  day.  The  projects  range  from  over  400,000  acre  feet  at  a 
large  lake  to  as  little  as  33  acre  feet  of  storage  in  one  of  the  smaller 
lakes • 

This  program  materialized  because  of  broad  public  support  for  water 
supply  from  Corps  lakes  and  the  ability  of  the  Districts  in  Southwestern 
Division  to  properly  plan,  design,  construct  operate  projects  and  to  execute 
workable  arrangements  with  local  and  state  interests. 

Southwestern  Division  developed  expertise  in  both  Division  and  District 
offices  and  offers  central  support  capability  in  the  Economics  Branch  of  the 
Planning  Division.  This  provides  a  single  unified  effort  and  methodology  to 
be  applied  uniformly  across  district  boundaries  yet  minimize  the  coordination 
effort.  It  also  permits  an  experienced  professional  staff  to  be  maintained  in 

a  technical  area  where  specialized  skills  are  required. 

More  than  50  water  supply  studies  have  been  performed  by  Southwestern 

Division,  for  project  formulation  and  evaluation  purposes.  These  studies 
include  new  project  water  needs,  urban  studies  water  needs,  and  possible 
reallocation  storages  at  existing  lakes  for  water  supply  purposes.  To 
properly  evaluate  water  supplies  and  demands  requires  appropriate 
methodologies  and  techniques  to  fully  assess  future  water  demands.  Outlines 
of  three  major  aspects  needed  in  an  assessment  of  water  demands  include  (1) 
Water  Use  Forecasting,  (2)  Water  Conservation,  and  (3)  Price  Elasticity  of 
Demand. 
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WATER  USE  FORECASTING 
Outline 


B.  Select  forecasting  methodology 

1.  Extrapolate,  based  on  historical 

total 

2.  Use  statistical  technique 

3.  Perform  by  sector,  &  sum  to  total 

4.  Combination  of  above 


C.  Forecasting  Water  Use 

1.  By  sector  (include  WC  efforts  already  in  use) 

Municipal,  Commercial,  Industrial,  &  Other 

2.  By  sector  (with  additional  WC  efforts) 

D.  SWD  Forecasting  Methodology 

1.  Municipal  =  population  X  use  rates. 

2.  Industrial  =  employees  X  use  rate  x  productivity  x  recirculation. 

3.  Power  =  provided  by  FERC  to  year  2000 
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A  complicating  factor  in  forecasting  M  use  for  a  large  area  is  need  to  compare 
water  demands  with  water  supplies  by  water  producing  or  water  supplying  entity 
(city,  town,  RWD,  etc). 


E.  Advisable  to  minimize  forecasts,  for  example: 

50  cities 
_4  sectors 

200  forecasts  w/o  added  WC 
inside  =  200  "  w  added  WC-low  flow  shower 

200  "  w  added  WC-low  flush  toilets 

200  "  w  added  WC-  aerators  on  faucets 

outside 

200  "  w  added  WC  effort 

1000 

plus  ?  industrial 

plus  ?  power 
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WATER  CONSERVATION  ANALYSIS 
Outline 


A.  Water  Conservation  (WC) 

1.  Under  Principles  &  Standards  -  WC  includes  actions  to: 

(a)  reduce  the  demand  for  water 

(b)  improve  efficiency  in  water  use  and  reduce 

losses  and  waste, 

(c)  improve  land  management  practices  to  conserve  water. 

"  The  term  does  not  encompass  any  storage  facilities  for  the 
development  of  new  water  supplies." 

2.  Under  Principles  &  Guidelines 

same  as  P  &  S  ?  Yes...  practically  so. 

different  from  P  &  S  ?  adds  (d)  Increase  the  Supply... 

3.  Corps  W/S  W/C  Procedures  Manual,  4/80  IWR  WC  defined  as  "  any 
beneficial  reduction  in  water  use  or  water  losses." 

WC  includes: 

(a)  achieving  reductions  in  water  use, 

(b)  achieving  more  efficient  use  of  existing  supplies, 

(c)  providing  new  supplies. 

B.  WC  Measures  (  Manual  Table  3-1) 

1.  Types  -  regulatory  practices 
-  management  practices 


-  educational  efforts 


2.  Potential  Problem  in  Evaluating  WC  Effects 

-  Some  WC  efforts  readily  measurable 

-  Some  WC  efforts  not  readily  measurable 

(educational,  mang't,  &  regulatory) 

C.  SWD  Efforts  of  Evaluating  WC 

1.  Type  of  Users 

a.  municipal  -  WC  efforts  inside  &  outside  residential  uses, 

•Ac 

b.  industrial  -  WC  11  iiyform  of  recirculation  of  water. 

c.  power  -  no  special  WC  efforts  noted. 

2.  Municipal 

a.  inside  -  assume  3  additional  WC  efforts  of  low-flush  toilets, 

low-flow  shower  heads,  &  aerators  on  faucets. 

b.  outside  -  assume  some  reasonable  reduction  in  outside  or  seasonal 
water  reduction  in  outside  or  seasonal  water  use  (10-20%)  without 
adversely  affecting  physical  or  esthetic  appeal  of  lawns,  shrubs ,  etc. 

3.  Compare  with  versus  without  uses 

a.  baseline  uses  (without  additional  WC  efforts) 

b.  Uses  with  additional  WC  efforts 

D.  Which  W/C  efforts  are  to  be  evaluated?  Who  decides? 

1.  Locals  -  identify  those  currently  used  and  those  likely  additional  ones 

2.  If  locals  do  not  identify,  evaluate  potential  reductions  of  some  practical 
additional  WC  efforts. 
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E.  Report  &  Display  Procedure 

a.  Compare  water  supplies  versus  baseline  water  uses 

b.  Compare  water  supplies  versus  uses  with  added  WC  efforts 

c.  Display  tables  of  M  &  I  water 

-  Average  day  use  and  Capacity 

-  Maximum  day  use  and  Capacity 

In  conclusion,  SWD  has  included  water  supply  in  many  projects  since 
the  late  1940s.  The  policy  for  proper  evaluations  has  changed  significantly 
since  begun,  including  Principles  and  Standards,  and  presently  the  March  ?2, 
1982  Principles  and  Guidelines.  SWD's  capability  to  accept  and  apply  new 
policy  and  work  with  other  entities  has  been  demonstrated  through  the  years. 


Water  Supply  Price  Elasticity 


Outline 

A.  Introduction 

1.  Define  "  elasticity  "  =  "sensitivity  to  price  change." 

2.  Why  this  concept  important  ?  Because  if  we  raise  the  price  enough... 
demand  (  Q  taken)  will  decrease. 

It  has  been  identified  as  a  way  to  reduce  the  demand  for  water. 

B.  Concept  of  Elasticity 

1.  elasticity  is  the  ratio  of  the  relative  change  in  the  quantity  demanded  to 

the  relative  change  in  price. 

point,  arc 

2.  types  of  elasticity  -  price,  income,  cross,  etc 

-  demand  and  supply 

3.  degrees  of  elasticity:  elastic-unitary— inelastic 

UA 

Elastici’  must  be  distinguished  from  the  slope  of  the  line. 

The  formula  for: 

AL 

siope  -  ^  Q 

AO  P 

elasticity  »  X - - 
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C.  Previous  fir  Present  Efforts 


1.  Theoretical  -  Demand  curve  can  be  derived 

-  Elasticity  can  be  calculated 

-  Procedures  Manual  indicates  it  will  be  used 

2.  Practical 

a.  Full  demand  curve  for  water  not  known 

b.  Do  not  have  true  market  conditions  prevailing 

c.  Pricing  water  usually  .. .  to  cover  costs 

d.  Elasticity  of  demand  for  water  can  be  calculated 

e.  Do  not  know  where  the  point  is  on  the . D  Curve. 

f.  Therefore,  we  use  surrogate  data 

-  time  series 

-  cross  sectional 

-  other 

D.  Problem  Related  to  Use  of  Price  Elasticity  for  Water 

1.  Inadequate  data 

a.  no  change  in  Price  and  Quantity  recently 

b.  no  full  Demand  curve  is  known 

2.  If  D  curve  unknown  and  Elasticity  calculated,  then  as  a  practical  matter... 
don't  know  where  point  on  D  curve  is 

3.  Actual  basis  for  pricing  water  is  uncertain 

a.  frequently  not  directly  related  to  cost  (esp.  MC) 

b.  usually  related  to  variable  costs 
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c.  sometimes  water  is  a  revenue  generator 

d.  price  should  be  such  as  to  cover  all  costs 

e.  If  greater  quantity  of  water  is  required  because  of  new  customers... 
who  should  pay? 

4.  Variable  charges  to  different  users 

a.  larger  users  get  lower  unit  cost 

b.  inside  city  lower  than  outside  city  limits 

c.  type  of  customer  (residential,  commercial,  industrial) 

d.  size  of  meter 

e.  seasonal  rates  versus  non-seasonal 

5.  Use  of  surrogates  not  fully  satisfactory 

a.  cross  sectional  (at  one  point  in  time) 

b.  '  time  series  (coverage  through  time) 

c.  other  (inside  vs  outside  users) 

6.  When  Price  is  changed  ..  Is  reaction  a  SR  or  LR  response? 

Conclusions 

1.  Demand  for  water  is  negatively  sloped. 

2.  Price  elasticity  of  D  for  water  is  generally  inelastic- 

3.  Price  elasticity  of  D  for  water  varies  from  place  to  place, +  ms? 

4.  Frequently  data  are  not  available  to  know  full  D  curve. 

5.  To  date .. .surrogates  provide  our  best  estimates  of  price  elasticity  of 

D  for  water. 
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TABLE  36 


PRICE  ELASTICITIES 


Demand  Section 

Elasticity 

Source 

Residential 

-0.225 

1 

Domestic 

-0.26 

2 

Sprinkling  (West) 

-0.703 

1 

Average  Day 

-0.3953 

2 

Maximum  Day 

-0.388 

1 

Commercial-Industrial 

-0.10 

3 

Government 

-0.25 

4 

Source: 


1. 

2. 

3. 


Howe  and  Linaweaver, 


1967. 


i 


Burns  et  al,  1973 
Hanke  and  Davis,  1974 
Roussos  and  Flack,  1977 


Source:  U.S.  Dept,  of  Commerce 

Office  of  Water  Research  &  Technology 


"Achieving  Urban  Water  Conservation.  A  Handbook"  Sept  77 
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AD  P  0  0  2  6  ‘ 


INTRODUCTION 


The  objective  of  Corps  participation  in  the  area  of  municipal  and 
industrial  <M  &  I)  water  supply  is  to  insure  a  reliable  supply  of 
fresh  water,  adequate  in  quantity  and  quality  for  urban  and  rural 
needs.  National  policy,  as  defined  by  the  Congress,  has  been 
evolving  over  a  number  of  years  and  is  still  being  clarified  and 
expanded  by  legislation.  This  policy  recognizes  a  significant 
Federal  interest  in  the  long-range  management  of  supplies,  but 
assigns  the  financial  burden  to  the  users. 

Like  Federal  policy,  water  supply  and  water  conservation  planning 
techniques  and  tools  have  been  evolving  over  the  years.  From 
initial  simple  predictions  of  supply  and  demand,  the  task  of 
determining  deficits  and  evaluating  project  proposals  now  involve 
complex  procedures,  many  of  which  h«rve  been  computerized.  The 
maturation  of  aids  for  Corps  planners  has  helped  to  develop  the 
history  of  Corps  involvment  in  water  supply  and  water 
conservation  planning.  The  more  important  techniques  and  tools 
will  be  discussed,  emphasizing  their  applications. 


CORPS  WATER  SUPPLY  PLANNING  HISTORY 


Water  Supply  Act  of  1958 

Prior  to  1958,  storage  for  M  Zt  I  water  supply  in  Corps  projects 
was  authorized  on  the  basis  of  individual  project  proposals.  With 
the  enactment  of  the  Water  Supply  Act  of  1958,  a  period  of 
joint-venture  development  of  water  supply  at  multi-purpose 
reservoirs  by  Federal  and  non-Federal  interests  was  introduced. 
The  1958  Act  carefully  avoided  a  shift  of  responsibility  for 
water  supply  costs  from  non-Federal  interests  to  Federal 
interests. 


^Presented  at  COE  Economic  and  Social  Analysis  Workshop  in  St. 
Louis,  MO.,  Sept.  1982 

Sr.  Civil  Engineer,  Institute  for  Water  Resources,  U.S.  Army 
Corps  of  Engineers,  Ft.  Bel  voir,  VA.  22060 
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During  these  early  years  in  the  development  of  water  supply 
projects,  available  tools  and  techniques  centered  on  the 
hydrologic  or  supply  side  o-f  the  equation.  The  demand  side  was 
essentially  the  concept  o-f  "demand  =  population  *  a  constant 
water  use  rate”. 

NEWS,  1965 

In  1965,  Public  Law  89-29S  authorized  a  Federal  and  non-Federal 
cooperative  study  Cthe  Northeastern  United  States  Water  Supply 
(NEWS)  Study!  to  prepare  plans  to  meet  the  long-range  water  needs 
o-f  the  Northeast.  The  legislation  also  authorized  Federal 
construction  and  operation  and  maintenance  of  certain  major 
single  purpose  water  supply  facilities  that  previously  would  have 
been  the  responsibility  of  non-Federal  interests;  however,  the 
appropriate  Federal  role  in  implementing  the  recommendations  of 
that  study  has  yet  to  be  established.  The  Corps  policy 
recommendation  was  to  use  the  1958  Act  cost-sharing  formula  but 
to  allow  single  purpose  reservoir  constr uct i on . 

The  NEWS  Study  was  one  of  the  first  studies  to  treat  supply 
management  and  demand  management  on  an  equal  basis.  The  NEWS 
Study  also  looked  at  the  disaggregation  of  water  useage  to 
analyze  future  water  demands.  This  work  lead  the  way  for  the 
logical  shift  from  predicting  (guessing)  future  demands  to 
forecasting  (explaining)  future  dem'S’nds. 

Urban  Studies  Program 

In  the  early  1970’s,  the  Corps  inaugurated  the  "urban  studies 
program".  This  program  looked  at  the  combined  water  problems  of 
major  metropolitan  areas  and  revealed  that  by  and  large  the 
complex  governmental  structures  of  these  areas  and  the 
i nterregi onal  competition  for  resources  precluded  optimal 
development,  use,  and  management  of  water  resources. 

One  of  the  more  important  water  supply  planning  aids  to  come  out 
o-f  the  urban  studies  program  was  the  development  of  a  computer 
program  called  MAPS  (Methodol ogy  for  Areawide  Planning  Studies). 
MAPS  is  a  multi-purpose  program  which  can  be  used  for  preliminary 
design,  cost  estimating,  simulation,  and  economic  analysis. 

New  Era 

In  1977,  the  Carter  Administration  prompted  a  shift  in  Federal 
water  resources  planning  which  emphasized  water  conser vat i on .  The 
Deputy  Assistant  Secretary  of  the  Army  (Civil  Works)  set  forth  an 
Army  policy  for  the  i ncorpor at i on  of  a  water  conservation  clause 
in  Federal  water  supply  contracts.  This  clause  required  the 
approval  of  a  non-Federal  water  management  plan  prior  to 
purchasing  storage  in  a  Federal  reservoir.  (The  Reagan 
Admi ni strati  on  1 ater  rescinded  this  polic)y. 

In  response  to  then  recent  droughts  and  the  Administration’s 


emphasis  on  water  conservation,  the  Corps  initiated  efforts  to 
integrate  water  conservation  into  its  activities.  These  efforts 
have  led  to  the  development  and  publication  of  new  tools  -for 
water  suppl y/conservati on  planning;  namely,  a  procedures  manual 
tor  evaluating  water  conservation  measures,  better  techniques  -for 
•forecasting  water  demands,  and  handbooks  illustrating  the 
applications  o-f  these  aids. 

Section  22  of  Public  Law  93-251,  1974,  authorised  the  Planning 

Assistance  to  States  Program  ^herein  the  Corps  may  cooperate  with 
any  state  in  preparing  comprehensive  plans  for  drainage  basins  in 
the  state.  Today,  in  many  states,  the  Section  22  Program  is 
focusing  on  water  supply  and  conservation,  including  leak 
detection  in  distribution  systems,  determi nati on  of  water  supply 
deficiencies,  development  of  estimates  for  system  repair  and 
rehabilitation,  analysis  of  delivery  system  adequacy  and  safety, 
and  estimation  of  benefits  and  costs  of  demand  reduction 
programs. 

The  Corps  is  also  involved  in  implementing  projects  to  control 
natural  salts  and  salinity  intrusion  in  rivers  and  estuaries; 
conducting  a  study  o-f  the  depletion  of  the  Ogallala  aquifer; 
providing  emergency  water  supplies  when  drinking  water 
contamination  threatens  public  health  or  when  drought  threatens 
the  lives  of  humans  and  livestock;  and  preparing  drought 
contingency  plans  for  Corps  reservoirs. 

These  programs  have  influenced  the  direction  of  new  Corps  of 
Engineers  water  suppl y/conservati on  research  and  has  helped  to 
implement  a  new  R  &  D  subprogram  devoted  to  water  supply  and 
conservation  planning. 

In  summary,  with  regard  to  municipal  and  industrial  water  supply, 
the  Federal  Government  has  had  a  historical  role  in  reservoir 
construction,  technical  and  financial  assistance,  and  emergency 
preparation  and  response.  In  all  of  these,  the  Corps  of 
Engineers  has  played  a  significant  role  and  has  developed  the 
techniques  and  tools  to  plan  and  manage  America’s  future  water 
resources. 


SPECIFIC  WATER  SUPPLY/CONSERVATION  PLANNING  AIDS 


As  can  be  seen  from  the  generalized  flow  chart  of  Figure  1,  there 
are  numerous  ways  of  analyzing  water  resource  problems  (Shahane, 
1976).  The  first  level  represents  the  type  of  water  system;  the 
second  stage,  the  factors  affecting  the  systems;  the  third  stage 
decides  the  mathematical  function;  the  fourth  step  relates  to  the 
analytical  techniques  involved  in  the  analysis;  at  the  fifth 
level,  a  specific  goal  is  reached;  and  in  the  final  stage,  the 
results  are  achieved. 

Many  types  of  mathematical  relationships,  concepts,  and  models 
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have  been  developed  over  the  years  dealing  with  M  !•/  I  water 
supplv  in  the  areas  of  economics,  water  quality,  hydrology, 
hydraulics,  social  science,  and  policy.  Most  of  these,  however, 
are  developed  independently  and  usually  in  responce  to  specific 
water  resource  problems  and,  in  turn,  need  an  adequate 
understanding  of  the  isolated  events  that  required  their 
development.  A  number  of  reports  have  been  published  in  which 
comparisons  have  been  made  of  various  computer  programs.  Of 
special  interest  are  the  following: 

1.  "Critical  Review  of  Currently  Available  Water 
Quality  Models",  by  P.S.  Lombardo. 

2.  "Models  and  Methods  Applicable  to  Corps  of  Engineers 
Urban  Studies",  by  J.W.  Brown,  M.R.  Walsh,  R.M.  McCarley,  A.J. 
Green,  Jr.,  and  H.W.  West. 

3.  " Interdi sci pi i nary  Models  of  Water  Systems",  by  A.S. 
Shahane. 

4.  "Computer  Programs  in  Water  Resources",  by  C.S.  Chu  and 
C.  E.  Powers. 

5.  "HEC  Models  for  Water  Resources  System  Simulation: 

Theory  and  Experience",  by  A.D.  Feldman. 

6.  "An  Assessment  of  Municipal  and  Industrial 

Water  Use  Forecasting  Approaches",  by  J.J.  Boland,  D.D.  Baumann, 
and  B.  Ds  i  egi el ewski . 

Relying  upon  these  reports  and  other"  Corps *publ i cati  ons,  the  more 
important  planning  aids  will  be  discussed;  namely,  HEC-5,  Water 
Balance  Guide  Manual ,  MAPS,  MAIN  III  System,  and  Water 
Conservation  Procedures  Manual. 

HEC-5 

The  HEC-5  program  was  designed  to  simulate  the  operation  of 
multi-purpose,  multi-reservoir  systems  represented  in  a  river 
network.  Practically  any  demand  for  water  from  a  reservoir  system 
can  be  simulated  including  flood  control,  water  supply  to 
municipal,  industrial  and/or  agricultural  users,  hydropower,  and 
instream  flow  maintenance  for  water  quality.  The  program 
classifies  these  water  uses  into  two  general  categories:  flood 
control  and  conservat i on .  Conservation  use  refers  to  all  non 
flood  control  uses.  The  simulation  may  be  performed  using 
one-hour  or  larger  time  intervals.  Streamf lows  must  be  provided 
to  the  model.  The  program  then  operates  the  system  of  reservoirs 
to  best  meet  the  specific  flood  control  and  conservation 
requi rements. 

The  HEC-5  program  may  be  used  to  determine  both  reservoir  storage 
requirements  and  operational  strategies  for  any  water  control 
needs.  The  performance  can  be  measured  in  terms  of  violations  of 
flow  limitations  or  resultant  expected  annual  flood  damage  and 
net  benefits.  A  similiar  procedure  can  be  used  for  water  supply, 
however,  benefit  calculations  are  currently  limited  to  flood 
control  and  hydropower.  Individual  reservoir  storage  for  water 
supplv  demands  can  be  optimised  automatically  by  the  program  to 
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determine  the  required  storage  to  meet  a  specified  demand  or  the 
maximum  reservoir  yield  that  can  be  obtained  from  a  specified 
storage. 

The  reallocation  of  user  storage  in  existing  reservoirs  is  another 
multi-purpose  application  of  HEC-5. 

The  HEC-5  program  has  proven  to  be  an  effective  planning  tool 
which  can  simulate  the  operation  of  10  reservoirs,  15  control 
points,  11  diversions,  and  5  hydropower  plants.  For  more 
information  the  reader  is  referred  to  Feldman,  19S1  or  the  HEC-5 
programmers  manual  (HEC,  1979) . 

Water  Balance  Guide  Manual 

In  1980  HEC  prepared  a  water  balance  guide  manual  to  assist 
planners  in  the  preparation  of  water  supply  use  studies.  A  water 
balance  identifies  and  quantifies  the  sources  and  uses  of  water  in 
a  geographic  region  for  a  specified  period  of  time.  Such  an 
understanding  of  the  magnitude,  location,  and  availability  of 
water  over  time  is  useful  in  identifying  supply  and  use  problems, 
in  assessing  their  severity,  and  in  examining  the  supply  potential 
of  a  region. 

Preparation  of  a  balance  provides  as  opportunity  to  assess  data 
availability  and  accuracy,  and  if  t~He  data-are  inadequate,  to 
pin-point  where  improvements  can  be  made.  In  addition,  knowledge 
of  supply  and  use  as  provided  through  a  water  balance  can  assist 
in  identifing  opportunities  for  water  conservation  and  their 
impact  not  only  upon  demand  but  upon  other  parts  of  the  hydrologic 
system;  a  change  in  one  part  (reduced  infiltration)  may  produce  a 
change  elsewhere  (reduced  groundwater  recharge) . 

The  guide  manual  presents:  a  definition  of  a  water  balance; 
examples  of  some  of  i us  uses;  descriptions  of  the  components;  a 
general  procedure  for  computation;  specific  guidance  on  collecting 
supply  and  use  data,  and  on  using  methods  which  estimate 
components  where  data  are  not  available;  examples  showing  how 
water  balance  data  can  be  presented;  and  information  on  the  cost, 
time,  and  personnel  required  for  preparing  a  water  balance 
(Hayes,  et  al ,  1980). 

MAPS 

To  assist  planners  in  producing  a  comprehensive  array  of 
alternatives  without  sacrificing  detail  or  incurring  large  costs, 
WES  developed  the  MAPS  program.  MAPS  is  a  set  of  computer-based 
models  which  perform  water  balance  calculations  and  develop 
planning  level  design  and  cost  estimates.  It  can  be  used  to 
identify  problems  and  measures,  and  then  select  the  least  cost 
facilities  to  make  up  these  measures.  By  computer i z l ng  the  cost, 
design,  and  flow  balance  computations,  MAPS  can  save  the  planner  a 
great  deal  of  work  while  allowing  him  to  investigate  a  very  large 
number  of  al ter nat i ves . 

T) 


The  principal  role  o-f  MAF'S  in  water  supply  studies  is  in  the 
preliminary  design  and  cost  estimating  o-f  the  -facilities  that 
commonlv  appear  in  a  water  supply  plan:  namely,  gravity  and  -force 
mains,  primping  stations,  open  channels,  tunnels,  water  treatment 
plants,  reservoirs,  storage  tanks,  and  well  -fields.  In  addition 
to  the  preliminary  design  modules  in  MAPS,  the  program  contains  a 
water  distribution  analysis  program  -for  studying  complex  piping 
networks,  and  modules  that  simulate  the  water  balance  -for  streams, 
reservoirs,  pipelines,  and  service  area  systems.  The  program  also 
contains  modules  to  perform  an  economic  analysis  of  a  time  stream 
of  benefits  and  costs,  and  a  report  generator  to  prepare  summary 
tables  of  costs,  water  use,  or  population  projections  for  a  study. 
Efforts  are  under  way  to  add  modules  for  analyzing  water 
conservat 1  on .  The  input  to  the  program  is  the  type  of  information 
usually  available  during  the  latter  stages  of  a  study. 

The  MAPS  program  has  had  extensive  use  in  helping  analyze 
alternative  water  supply  solutions  for  various  Corps  districts. 
Verification  studies  have  been  performed  on  the  program  and 
independently  checked  by  others  and,  with  a  few  exceptions,  has 
been  found  to  be  sufficiently  accurate  for  planning  studies. 

(Walski,  1980,  OCE.  1980. 

MA IN  III  System 

The  MAIN  III  System  is  a  flexible  and  compr ehensi ve  planning  tool 
for  estimating  and  forecasting  municipal  water  r equi rement s. 

Water  requirements  are  estimated  separately  for  the  residential, 
commeri cal /institutional ,  industrial,  and  public/unaccounted 
sectors  of  the  community.  Within  these  sectors,  r equi r ements  are 
further  estimated  for  individual  categories  of  water  uses,  such  as 
metered-sewer  residences,  f 1 at-r ate-sewered  residences,  commeri cal 
establishments,  institutions,  three-digit  standard  industrial 
classification  manuf actur i ng  categories,  etc.  Estimates  are  made 
of  mean  annual ,  maximum  day,  and  peak  hour  r equi r ements. 

The  MAIN  III  System  may  be  used  to  simultaneously  project  water 
requirements  for  up  to  24  separate  years  in  addition  to  the  base 
year.  Projections  of  water  usage  can  be  done  in  three  distinct 
ways  or  in  combination:  projection  by  internal  growth  models; 
projection  by  extrapolitan  of  local  historical  data;  and/or  use 
of  projections  made  external  to  the  system.  Obviously,  the  most 
important  capability  of  the  program  is  the  projection  of  urban 
water  requirements:  however,  an  estimate  of  current  water  use  can 
also  be  obtained. 

The  models  in  the  program  were  developed  from  data  on  83  standard 
metropolitan  statistical  areas  and  have  been  proven  accurate  on 
communities  tested.  The  program  has  been  revised  by  the  Corps  and 
made  user -f r i end 1 y .  Efforts  are  underwav  to  field  test  the 
program  in  existing  Corps  water  supply  studies. 

Water  Conservation  Procedures  Manual 
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Water  conservation  is  defined  as  any  beneficial  reduction  in 
water  use  or  water  losses.  To  help  evaluate  water  conservation 
measures  and  their  impact  on  a  communities  water  requirements,  the 
Corps  developed  a  procedure  that  permits  a  consistent  and  balanced 
trade-off  between  water  conservation  and  increments  of  new 
suppl i es. 

Figure  2  presents  an  overview  of  the  general  evaluation 
procedure.  Water  conservation  measures  are  identified  by  the 
measure-specific  analysis.  These  individual  measures  are  then 
evaluated  against  alternative  water  supply  plans.  Based  on  this 
evaluation,  water  conservation  proposals  are  developed  which  can 
be  integrated  into  water  supply  plans,  yielding  alternative  water 
suppl y/conservat i on  plans.  Finally  the  water  suppl y/conservat 1  on 
plans  can  be  tested  for  compliance  with  the  desired  system 
reliability.  This  procedure  needs  field  testing.  (Crews,  1981, 
COE,  1980). 


NEW  TOOLS  PLANNED  OR  BE  I NS  DEVELOPED 


Under  the  Corps'  water  conservation  and  supply  research  and 
development  program  efforts  are  being  made  to  provide  additional 
planning  aids.  Some  of  these  incliMe: 

1.  A  report  on  hydrologic  methods  and  models  for 
analysis  of  water  supply; 

2.  A  report  on  the  use  of  rflood  water  for  groundwater 
recharge; 

3.  A  handbook  on  methods  of  forecasting  municipal  and 
industrial  water  use; 

4.  A  procedures  manual  handbook  on  evaluating  water 
conservat i on ; 

5.  A  report  on  technology  and  procedures  for 
conducting  groundwater  modeling  investigations; 

6.  A  procedures  manual  for  conducting  conjunctive  use 
studies  for  water  supply; 

7.  A  report  on  establishing  water  supply  reliability; 

8.  A  report  on  how  to  evaluate  existing  fwater 
distribution  systems;  and 

9.  Modifications  to  MAPS. 


SUMMARY 


The  Corps  of  Engineers  has  had  a  long  history  in  the  planning  for 
M  ?•<  I  water  supply.  It  is  only  recently  that  methods  and 
procedures  have  been  developed  that  greatly  enhance  the  planning 
capability  of  today's  water  supply  planner. 
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COAL  PORT  ANALYSIS 
BY 


Chief,  Planning  Division 
PRESENTATION  TO  BE  GIVEN  TO 
THE  ECONOMIC  AND  SOCIAL  ANALYSIS  WORKSHOP 


The  port  of  Hampton  Roads  is  strategically  located  approximately 
midway  on  the  Atlantic  Seaboard. 

The  area  is  a  rapidly  expanding  region  whose  economy  has 
historically  depended  upon  port  and  related  activities.  The  natural 
benefits  of  size,  location,  and  ocean  accessibility  have  been 
responsible  for  the  substantial  commerce  enjoyed  by  the  port--one  of 
the  most  important  harbor  complexes  in  the  world. 

The  authorized  project  currently  serving  Hampton  Roads  provides  for 
a  channel  45  feet  deep  and  1,000  feet  wide  in  the  lower  Chesapeake 
Bay  (Thimble  Shoal)  to  Hampton  Roads.  In  Hampton  Roads,  channels  45 
feet  deep  with  widths  of  from  800  to  1,500  feet  provide  access  to 
the  Norfolk  and  Western  coal-loading  facility  in  Norfolk  and  the  CSX 
coal-loading  facility  in  Newport  News.  Channels  of  lesser  depths 
are  also  maintained  up  the  Elizabeth  River.  Maintenance  of  the 
existing  channels  and  anchorages  inside  Hampton  Roads  Harbor, 
including  permit  dredging,  requires  the  removal  of  approximately  4 
to  5  million  cubic  yards  of  dredged  material  annually. 

One  major  Hampton  Roads  Port  Act ivity--the  export  coal  bus iness--has 
been  receiving  world-wide  attention.  Because  of  its  fine  natural 
harbor  and  its  proximity  to  the  Appalachian  coalfields,  Hampton 
Roads  is  the  nation's  largest  coal  port,  handling  a  majority  of  the 
country's  exports  overseas. 
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With  the  tremendous  increases  in  the  price  of  oil  in  recent  years 
and  the  apparent  uncertainty  of  its  supply,  foreign  countries  are 
converting  to  coal  as  a  major  energy  source.  The  renewed 
international  interest  in  coal  has  resulted  in  a  significant 
increase  in  coal  exports  from  the  Norfolk  and  Western  coal  loading 
facility  in  Norfolk  and  the  CSX  coal  loading  facility  in  Newport 
News.  In  1977,  26.6  million  tons  of  coal  moved  through  the  port, 
while  in  1980,  50.1  million  tons  of  coal  were  shipped  from  Hampton 
Roads.  According  to  the  Virginia  Port  Authority,  almost  50  million 
tons  of  coal  were  shipped  from  Hampton  Roads  in  calendar  year  1981 
even  though  coal  movements  were  hampered  by  an  extended  coal  miner's 
strike.  During  the  first  eight  months  of  1982,  38.5  million  tons  of 
coal  have  moved  through  Hampton  Roads,  and  the  Virginia  Port 
Authority  anticipates  over  50  million  tons  by  the  end  of  the  year. 

In  fact,  there  is  a  chance  that  this  may  be  a  record  year. 

Once  coal  reaches  Hampton  Roads,  it  is  stored  in  the  cars  which 
transported  it  from  the  mines.  Each  car  is  classified  according  to 
its  particular  type  of  coal ,  which  allows  control  over  how  much  of 
each  type  of  coal  is  mixed  during  loading  operations  to  obtain  the 
required  blend.  It  is  interesting  to  see  how  the  coal  is  actually 
loaded  on  the  vessels.  The  coal  cars  are  positioned  in  rotary 
dumpers  which  turn  the  cars  completely  over  so  that  the  coal  falls 
into  transfer  bins  below  the  dumpers.  From  the  transfer  bins,  the 
coal  is  fed  onto  large  conveyor  belts,  transported  to  the  loading 
tower,  and  deposited  in  the  vessel. 

As  a  result  of  the  increase  in  demand  for  coal,  several  plans  have 
been  announced  for  constructing  additional  coal  loading  facilities 
in  Hampton  Roads.  The  A.T.  Massey  Coal  Company,  Inc.,  of  Richmond 
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is  remodeling  an  inactive  ore  pier  at  Newport  News.  This  third 
Hampton  Roads  coat  pier  should  be  in  business  by  the  spring  of  1983 
to  handle  up  to  12  million  tons  annually. 

In  1980  Cox  Enterprises,  Inc.,  of  Atlanta  announced  plans  to  build  a 
coal  pier  on  a  350-acre  Portsmouth  site.  However,  since  that  time 
Cox  Enterprises  and  the  Norfolk  and  Western  Railway  Company  have 
been  engaged  in  a  legal  dispute  over  land  ownership,  postponing 
plans  for  the  pier  indefinitely.  Recognizing  the  immediate  need  for 
additional  coal  facilities  in  Hampton  Roads  and  the  scarcity  of 
suitable  land  sites,  Virginia's  Governor  Dalton  proposed  a  bill  that 
would  authorize  the  Virginia  Port  Authority  to  condemn  the 
Portsmouth  site  for  a  state-owned  coal  loading  terminal.  The 
legislation  was  approved  by  the  General  Assembly  in  April  1981. 
Originally,  the  proposed  state-owned  pier  was  expected  to  handle  27 
million  tons  of  coal  a  year.  However,  as  a  result  of  feasibility 
studies  consideration  is  now  being  given  to  reducing  the  annual 
throughput  to  about  18  million  tons. 

More  recently,  Dominion  Terminal  Associates  has  announced  plans  for 
the  construction  of  another  coal  loading  facility  in  Newport  News 
near  the  Massey  terminal  and  the  CSX  facilities.  This  facility  will 
have  a  throughput  capacity  of  15  million  tons  per  year. 

Finally,  plans  have  been  announced  for  coal  terminals  at  Pinners 
Point  in  Portsmouth  and  on  the  35-foot  deep  channel  on  the  Southern 
Branch  of  Elizabeth  River  if.  Chesapeake,  Virginia.  Each  of  these 
facilities  are  smaller  scale  and  would  be  capable  of  handling  3  to  5 
million  tons  annually.  The  feasibility  of  these  small  scale 
facilities  is  still  questionable  since  the  larger  facilities  will  be 
ample  for  predicted  increases  in  the  demand  for  coal. 
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Hampton  Roads  is  making  progress  toward  meeting  the  world's 
increasing  demand  for  coal.  But,  with  or  without  the  additional 
coal  loading  facilities,  there  are  problems  which  jeopardize  the 
position  of  Hampton  Roads  as  a  major  coal  exporter. 

One  problem  which  faces  most  U.S.  ports  is  that  the  channels  are  not 
deep  enough  to  accommodate  the  increasing  vessel  sizes.  The  trend 
to  build  large  "super"  vessels  has  been  overwhelming  and  has  caught 
the  United  States  ports  unprepared.  Currently,  east  and  gulf  coast 
ports  are  limited  to  fully  loaded  vessels  in  a  range  of  40,000  to 
80,000  deadweight  tons  drawing  45  feet.  Hampton  Roads  coal 
terminals  receive  colliers  in  excess  of  100,000  deadweight  tons,  but 
these  vessels  cannot  sail  fully  loaded  due  to  draft  limitations  of 
the  existing  channels. 

On  2  February  1981,  the  Virginia  Pilot  Association  checked  the 
drafts  of  vessels  at  anchor  and  found  that  there  were  67  vessels 
which  could  not  load  coal  to  maximum  capacity.  Coal  transported 
from  the  east  coast  to  Europe  in  a  120,000  deadweight  ton  vessel 
costs  about  $6.00  per  ton  less  than  in  a  smaller  60,000  deadweight 
ton  vessel.  Therefore,  existing  channel  limitations  have  an  adverse 
impact  on  the  United  States  competitive  position  in  the  world  coal 
export  market. 

The  capacity  of  a  port  to  receive  large  coal  colliers,  load,  and 
turn  them  around  without  excessive  delays  has  a  major  bearing  on  the 
competitiveness  of  coal  on  overseas  markets.  Vessel  delays,  for 
whatever  reason,  are  costly.  Before  the  coal  miners'  strike  last 
year,  it  was  not  uncommon  for  the  queue  of  coal  colliers  awaiting 
pier  space  in  Hampton  Roads  to  exceed  150  vessels.  It  is  estimated 
that  each  day  a  collier  waits  costs  an  average  of  $15,000;  some 
colliers  have  anchored  for  several  months.  These  delays  translate 
into  increased  waterborne  transport  costs  to  ship  coal  overseas. 


The  solution  involves  a  need  for  deeper  channels  to  accommodate 
super  coal  colliers,  commensurate  docking  and  berthing  facilities  to 
permit  quick  loading  and  release  of  vessels,  and  a  smoothly 
operational  interface  between  the  carriers  and  coal  interests.  The 
port  has  already  made  considerable  progress  toward  reducing 
excessive  vessel  delays  with  the  proposals  for  new  coal  loading 
facilities  and  improved  coordination  between  carriers  and  coal 
interests. 

Also,  to  help  answer  the  port's  needs,  the  Norfolk  District  has 
responded  to  Virginia's  request  by  completing  a  Congressionally 
authorized  study  on  the  advisability  of  deepening  these  channels 
serving  Hampton  Roads. 

At  this  point,  I  would  like  to  discuss  in  some  detail  the  nature  of 
our  economic  studies  for  establishing  the  feasibility  of  channel 
deepening  in  Hampton  Roads. 

The  monetary  benefits  for  the  deepening  project  were  based  entirely 
on  waterborne  transportation  savings.  In  other  words,  deeper 
channels  allow  larger  vessels  to  transport  coal  at  lower  unit  prices. 

The  quantification  of  the  annual  waterborne  transportation  savings 
which  would  accrue  from  an  improved  channel  depth  required  a 
detailed  analysis  of  commodities,  trade  routes,  and  vessel  fleet 
distribution. 

Our  analysis  showed  that  coal  is  the  principal  commodity  which  would 
benefit  from  deeper  channels  in  Hampton  Roads,  and  that  coal  from 
Hampton  Roads  is  transported  to  three  principal  areas:  Europe, 

Japan,  and  South  America. 
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In  developing  coal  projections  for  Hampton  Roads,  we  used  a  study  by 
Robert  R.  Nathan  Associates,  Incorporated  entitled  "U.S.  Deepwater 
Port  Studies,  Commodity  Studies  and  Projections."  This  report  was 
prepared  for  the  Institute  of  Water  Resources  in  1972,  and  at  the 
time  of  our  feasibility  studies  provided  the  most  complete  look  at 
future  coal  movements  from  the  United  States.  We  also  looked  at 
historical  trends  and  other  available  sources  for  coal  projections. 
Based  primarily  on  the  Nathan  study,  we  estimated  total  coal  exports 
from  Hampton  Roads  to  reach  50  million  tons  in  1990  (base  year)  and 
remain  constant  over  the  life  of  the  project.  As  indicated  by  the 
slide,  Hampton  Roads  coal  exports  have  already  reached  50  million 
tons.  It  is  significant  to  note  that  the  amount  of  coal  exports  was 
estimated  to  be  the  same  with  and  without  any  channel  improvement. 

In  addition  to  commodity  projections,  we  had  to  look  at  the  world 
fleet  and  establish  what  the  vessel  size  distribution  would  be  for  a 
given  channel  depth.  More  specifically,  vessel  size  distributions 
were  predicted  for  1990  (base  year),  2000,  and  2040  based  on  careful 
consideration  of  the  following  factors: 

Trends  in  the  world  fleet. 

Trends  in  Hampton  Roads  traffic. 

Port  constraints. 

Trade  routes. 

Prospective  tonnage. 

Economics  of  large  vessels. 
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The  following  slides  show  the  predicted  vessel  size  distribution  for 
Hampton  Roads  coal  movements  to  Europe  in  1990  (base  year)  for  the 
existing  45-foot  channel  and  an  improved  55-foot  channel  depth. 

Having  established  trade  routes,  coal  export  projections,  and  vessel 
fleet  projections,  and  utilizing  vessel  cost  data  provided 
periodically  by  the  Corps  Water  Resources  Support  Center,  we 
computed  annual  waterborne  transportation  savings. 

To  illustrate  the  method  and  for  the  sake  of  simplicity,  lets 
consider  just  two  vessel  sizes — 60,000  deadweight  tons  and  120,000 
deadweight  tons.  As  shown  on  the  following  slide,  there  would  be  a 
savings  of  $6. 00/ton  using  a  120,000  dwt  vessel  on  an  improved 
55-foot  channel  instead  of  a  60,000  dwt  vessel  on  the  existing 
45-foot  channel.  Since  the  estimated  tonnage  would  be  the  same  with 
or  without  the  project,  this  unit  saving  was  then  multiplied  by  the 
annual  tonnage  to  obtain  the  annual  savings. 

Of  course,  the  complete  analysis  involved  studying  the  complete 
fleet  distribution  and  computing  the  total  average  annual  waterborne 
transportation  savings  for  various  incremental  channel  depths.  In 
computing  average  annual  savings,  we  considered  the  project  life  to 
be  from  1990  to  2040.  The  annual  benefits  and  corresponding  annual 
costs  were  then  compared  for  each  increment  to  determine  what  depth 
provided  the  most  net  annual  savings  (Subtracting  the  annual  costs 
from  the  annual  benefits  gives  you  the  net  annual  benefits.)  The 
results  of  our  economic  analysis  indicated  that  net  annual  savings 
maximized  at  a  depth  of  55  feet. 

The  following  slide  provides  an  economic  summary  of  the  recommended 
55-foot  portion  of  our  project  for  Hampton  Roads. 

The  estimated  first  cost  (or  construction  cost)  of  this  project  is 
approximately  $421,700,000,  based  on  October  1981  price  levels. 
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The  benefit  to  cost  ratio  for  the  Norfolk  Harbor  55-foot  Deepening 
Project  was  estimated  to  be  3.6  to  1.  The  3.6  to  1  benefit-cost 
ratio  was  based  on  metallurgical  coal  and  did  not  include  the  recent 
development  of  the  world-wide  steam  coal  market.  With  the  potential 
developments  which  I  previously  mentioned,  the  port  will  have  the 
capacity  to  handle  greater  quantities  of  steam  coal.  As  port 
developments  occur,  the  benefit-cost  ratio  will  change.  But,  in 
order  to  give  you  a  point  of  reference,  consider  this  —  if  an 
additional  40  million  tons  of  steam  coal  could  be  handled  through 
Hampton  Roads  annually  ,  then  the  benefit-cost  ratio  would  become 
about  6.0  to  1. 

Our  studies  show  that  with  every  foot  of  increased  draft,  the 
typical  using  collier  would  be  able  to  load  another  5,000  tons  of 
coal.  If  channels  in  Hampton  Roads  are  deepened  to  55  feet,  some  of 
the  deeper  draft  vessels  could  carry  an  additional  50,000  tons  per 
collier.  In  the  past  it  has  been  estimated  that  the  movement  of 
each  additional  ton  of  export  coal  would  reportedly  bring  another 
$18.42  to  the  state  economy. 

The  55-foot  deep  channel  project  would  include  the  following: 

a.  A  new  Atlantic  Ocean  Channel  would  be  dredged  off  Cape 
Henry,  1,000  feet  wide  and  approximately  11  miles  long.  This 
channel  would  actually  be  dredged  to  57  feet  to  compensate  for 
greater  wave  action  in  the  open  ocean.  Since  natural  depths  in  this 
area  are  about  50  feet,  no  dredging  has  previously  been  required  for 
our  existing  45-foot  project. 

b.  The  depth  of  Thimble  Shoal  Channel  would  be  increased  from 
45  feet  to  55  feet  below  mean  low  water  over  its  existing  1,000-foot 
width.  This  channel  would  be  about  13  miles  long  and  include 
adequate  protection  for  the  Thimble  Shoal  Channel  Tunnel. 

c.  The  depth  of  the  Channel  to  Newport  News  would  be  increased 
from  45  feet  to  55  feet  below  mean  low  water  over  its  existing 
800-foot  width  to  the  coal  terminal  at  Newport  News,  a  distance  of 
about  5  miles. 
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d.  The  depth  of  Norfolk  Harbor  Channel  would  be  increased  from 
45  feet  to  55  feet  below  mean  low  water  over  its  existing  800-  to 
1,500  foot  widths  to  the  coal  terminal  in  Norfolk  at  Lamberts  Point, 
a  distance  of  9  miles. 

e.  Three  fixed  mooring  anchorage  facilities  would  be 
constructed,  each  capable  of  accommodating  two  large  vessels 
simultaneously.  Depths  of  the  anchorages  would  be  55  feet  below 
mean  low  water.  The  concept  of  fixed  mooring  anchorages  is  new  to 
Hampton  Roads.  Currently,  vessels  anchor  in  the  free  floating 
position.  Because  of  tide  and  wind  fluctuations,  this  method  of 
anchoring  requires  a  large  circular  area  for  one  single  vessel. 
During  the  feasibility  study,  consideration  was  given  to  providing 
additional  circular  anchorages.  However,  the  recommended  fixed 
mooring  concept  is  a  much  more  feasible  plan  from  both  an  economic 
and  environmental  standpoint.  With  the  fixed  mooring  concept,  six 
vessels  can  be  anchored  in  an  area  which  could  accommodate  only  one 
large  vessel  in  the  free  floating  position.  Thus,  the  fixed  mooring 
facility  involves  less  dredged  material  to  be  removed  and 
accommodated  at  a  much  lower  cost. 


The  Board  of  Engineers  for  Rivers  and  Harbors,  one  of  our  primary 
review  echelons,  has  recommended  that  the  channel  deepening  be 
accomplished  with  disposal  of  all  suitable  material  in  the  ocean. 

All  unsuitable  material  would  be  taken  to  Craney  Island  Disposal 
Area.  Craney  Island,  located  in  the  heart  of  the  dredging  activity- 
has  served  as  a  valuable  confined  disposal  area  since  1955.  It  is 
approximately  2,500  acres  in  size  and  already  contains  more  than 
140,000,000  cubic  yards  of  dredged  material.  Through  intensive 
management  of  the  site,  it  should  continue  to  serve  as  a  disposal 
area  well  into  the  next  century. 

What  is  the  status  of  the  Feasibility  Report?  Well,  the  report  and 
all  related  documents  have  been  reviewed  by  Mr.  William  R.  Gianelli, 
Assistant  Secretary  of  the  Army  for  Civil  Works.  The  Secretary’s 
letter  report  is  being  coordinated  with  the  Office  of  Management  and 
Budget  prior  to  transmitting  the  reports  and  pertinent  documents  to 
Congress.  ,  _ 


Due  to  the  urgency  and  national  importance  of  this  project,  $2.6 
million  was  included  in  the  President's  Fiscal  Year  1982  budget  for 
Continuation  of  Planning  and  Engineering  studies  and  an  additional 
$3.3  million  has  been  included  in  his  proposed  budget  for  Fiscal 
Year  1983.  Continuation  of  Planning  and  Engineering  is  a  new  but 
important  study  category  to  the  Norfolk  District.  Its  biggest 
advantage  is  that  it  allows  preconstruction  investigations  prior  to 
Congressional  Authorization  of  the  project  as  recommended  in  the 
feasibility  stage.  Thus,  by  eliminating  the  normal  wait  for 

Congressional  Authorization  and  subsequent  funding  for  Advanced 
Engineering  and  Design,  Continuation  of  Planning  and  Engineering 
expedites  the  preconstruction  process  of  this  urgent  project. 

These  preconstruc t ion  planning  studies  are  necessary  before 
construction  can  begin.  In  this  stage,  detailed  engineering  and 
design  studies  would  be  conducted.  In  addition,  we  would  conduct 
extensive  environmental  investigations  to  determine  impacts  from  the 
proposed  deepening.  In  this  regard,  the  project  has  recently  been 
model  tested  using  the  Chesapeake  Bay  Model,  an  actual  physical 
model  of  the  entire  Chesapeake  Bay  system.  The  results  of  these 
model  tests  will  be  evaluated  and  tell  us  the  effects  of  the 
deepening  on  estuarine  circulation  in  Chesapeake  Bay,  including  the 
effects  on  salinity  and  the  oysters  in  the  James  River. 

As  we  envision  it  now,  emphasis  will  be  placed  on  completing  all 
detailed  environmental  and  design  studies  for  the  55-foot  project 
over  the  next  3  years.  This  would  enable  us  to  initiate 
construction  in  Fiscal  Year  1986.  There  is,  of  course,  the 
potential  for  initiating  at  least  some  increment  of  the  project  at 
an  earlier  date  in  accordance  with  possible  arrangements  involving 
innovative  financing.  The  Commonwealth  and  Assistant  Secretary  of 
the  Army  for  Civil  Works  have  already  discussed  these  possible 
arrangements.  Under  our  current  plans,  the  project  will  probably  be 
constructed  in  two  5-foot  increments — from  45  to  50  feet  in 
Increment  1  and  from  50  to  55  feet  in  Increment  2.  Actual 
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construction  time  is  currently  estimated  at  3  years  for  deepening  to 
30  feet  and  an  additional  4  years  to  the  ultimate  55-foot  depth. 
Hopefully,  we  can  shorten  the  construction  time.  Also,  it  is 
important  to  note  that  in  the  interest  of  exporting  coal,  the 
outbound  lanes  on  each  increment  would  be  dredged  initially.  This 
w)uld  of  course  further  expedite  use  of  the  project. 

In  concluding,  I  would  like  to  share  with  you  some  of  the  lessons  we 
learned  during  this  investigation.  There  were  a  number  of  problems 
which  surfaced  ranging  from  disposal  of  dredged  material  to  the  need 
for  extensive  environmental  studies.  However,  in  keeping  with  our 
economic  theme,  I  want  to  emphasize  two  problem  areas  in  the 
development  of  our  economic  studies.  Specifically,  we  learned 
lessons  in  establishing  both  coal  projections  and  fleet  size 
distributions . 

With  regard  to  coal  projections,  we  found  that  the  world  coal  market 
is  very  complex  and  the  development  of  reliable  projections  is 
beyond  the  scope  of  a  normal  Corps  feasibility  study.  For  this 
reason,  I  would  emphasize  to  those  of  you  who  are  or  will  be 
conducting  a  similar  study  to  be  aware  of  this  potential  problem. 

It  is  most  important  that  a  comprehensive  coal  study  be  available 
for  your  study.  If  this  is  not  the  case,  consideration  must  be 
given  to  contracting  for  such  a  study,  which  will  be  quite  expensive. 

With  regard  to  vessel  size  distributions,  we  found  that  they  were 
just  as  much  a  factor  in  determining  waterborne  transportation 
savings  as  were  the  coal  projections,  even  though  development  of  our 
fleet  projections  were  not  based  on  any  sophisticated  projection 
techniques.  To  give  you  an  idea  of  how  sensitive  waterborne 
transporation  savings  are  to  the  vessel  size  distribution,  consider 
the  impact  of  shifting  20  percent  of  say  50  million  tons  of  coal 
from  the  80,000  dwt  vessel  to  the  150,000  dwt.  This  would  result  in 
an  increase  in  annual  savings  of  $40  million.  Thus,  since 
navigation  projects  could  be  sensitive  to  not  only  commodity 
tonnages  but  also  vessel  fleet  distributions,  emphasis  should  be 
placed  on  sensitivity  analyses  for  both  variables. 

This  concludes  my  presentation.  I  would  be  happy  to  entertain  your 
questions  at  this  time. 
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MARINE  MANAGEMENT  SYSTEMS,  INC. 
DEEP  DRAFT  NAVIGAION 


INTRODUCTION 


Data  on  u.  S.  flag  ships  which  have  been  placed  into 
the  Marine  Management  System  computerized  Economics 
and  Planning  System  residing  on  the  GE  Time-Sharing 

Network ,  and  now  readily  accessible  for  economic  analysis. 

These  costs  represent  estimates  based  on  first  and  second 
quarter  1982  current  operating  costs.  The  second  hand  ship 
costs  are  unrefined  estimates ,  and  additional  input  is 
anticipated  during  the  next  month,  to  refine  these  numbers. 
Foreign  flag  ship  construction  and  operating  costs  are 
presently  being  developed.  Certain  ship 3  are  not  included 
herein  because  they  do  not  exist  in  the  U.S.  fleet;  are 
presently  not  contemplated  for  construction;  or  are  not  a 
representative  international  vessel.  These  vessels  are: 


9,000  DWT  - 
2,400  TEU  - 
2,800  TEU  - 
3,000  TEU  - 
SEABEE  - 

LASH  - 


General  Cargo 
Containership 
Containership 
Containership 
(There  are  only  5  Seabees 
worldwide  -  2  USSR,  3  U.S.). 
(There  are  26  over  10,000  DWT, 

4  Liberian  flag,  1  Dutch  flag, 
2  German  flag,  19  U.S.  flag). 


The  time  charter  rate  is  developed  for  new  and  second  hand 
vessel  costs  using  the  following  assumptions: 

a)  Seventy  percent  financing  for  15  years  at 
15%. 

b)  Current  operating  costs  (manning,  insurance, 
provisions,  repairs  and  miscellaneous)  at  no 
escalation. 

c)  Zero  taxes . 


Additionally,  the  residual  value  of  a  new  ship  is  assumed  to 
be  25%  of  original  cost  at  the  end  of  15  years,  and  the 
second  hand  vessel  is  assumed  to  have  a  residual  value  of 
10%  of  purchase  price. 

Cost  data,  ship  and  voyage  characteristics  and  sample  runs 
are  included  in  Exhibits  A,  B  and  C.  The  data  that  is  now 
available  in  the  computer  is  summarized  as  follows: 


DEVELOPMENT  OF  DATA 


This  report  provides  data  on  ship  operating  costs 
and  characteristics  as  well  as  voyage  cost  and  charac¬ 
teristics  for  both  U.S.  and  foreign  flag  operations.  Th 
data  included  herein  in  table  form  include  the  following 

1 .  Ship  Costs 

A.  Capital  Investment 

1)  Ship  Cost  -  new  and  second  hand 

2)  Annual  Finance  Charges  (70%  financing  at  15; 

for  15  years) 

3)  Residual  Value  (25%  on  new  vessels,  10%  on 

second  hand  vessels) 

B.  Operating  Costs 

1)  Wages 

2)  Subsistence 

3)  Stores  &  Supplier 

4)  Maintenance  and  Repair 

5)  Insurance 

6)  Other 

C.  Total  Costs 

1)  Annual  Cost  (A&B  above) 

2)  Time  Charter  Equivalent  Rate 


Ship  Characteristics 

A.  Deadweight 

B.  Cubic  Capacity 


C.  LOA 


f  leet) 


D.  Beam  ( fleet) 

E.  Draft  (fleet) 

F.  TP I  (tons  per  inch) 

G.  Horsepower 

H.  Speed 

I.  Fuel  Consumption  (Sea/Port 


-  HVF  and  Diesel  OiL 


3 .  Voyage  Costs 

A.  Port  Charges  (Per  DWT  or  Per  Container) 

B.  Fuel  Prices  (HVF  and  Diesel  Oil) 


4 .  Voyage  Characteristics 

A.  Distance-One-Way 

B.  Port  Days  (Loaded  port  and  discharge  port  by 

ship  type) 

C.  Draft  Limit  (Load  port  and  discharge  port) 


5 .  Vessel  Types 

The  following  vessel  types  are  provided: 


Dry  Bulk  -  Foreign  Flag  -  15,000  DWT,  25,000  DWT, 

35,000  DWT,  40,000  DWT,  45,000  DWT, 
50,000  DWT,  60,000  DWT,  80,000  DWT, 
100,000  DWT,  120,000  DWT,  150,000  DWT - 
U.S.  Flag  -  25,000  DWT,  80,000  DWT  - 
13  ships  in  total 

Tanker  -  Foreign  Flag  -  25,000  DWT,  35,000  DWT, 

40,000  DWT,  50,000  DWT,  60,000  DWT, 
80,000  DWT,  90,000  DWT,  120,000  DWT, 
150,000  DWT,  175,000  DWT  -  U.S.  Flag  - 
same  sizes  -  20  ships  in  total 

Container  Ships  -  Foreign  Flag  -  600  TEU,  1000  TEU, 

1200  TEU,  1400  TEU,  1600  TEU,  2000 
TEU,  2400  TEU,  2800  TEU  -  U.S.  Flag  - 
same  with  exception  of  2800  TEU  ship 
which  is  not  included  -  15  ships  in 
total 


General  Cargo  -  Foreign  Flag  -  11,000  DWT,  14,000  DWT, 

16,000  DWT,  20,000  DWT,  24,000  DWT, 
30,000  DWT  -  U.S.  Flag  same  -  12  ships 
in  total 


6 .  Voyage  Itineraries 

Sixteen  hypothetical  voyages  have  been  provided,  namely: 

Trade  Type  One-Way  Distances 

Bulk  Voyages  -  1500  mile,  2500  mile,  5000  mile 

and  10,000  mile 
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Tanker  Voyages 


1500  mile,  2500  mile,  5000  mile 
and  10,000  mile 


Container  Voyages  -  1500  mile,  2500  mile,  5000  mile 

and  10,000  mile 

General  Cargo  Voyages  -  1500  mile,  2500  mile,  5000  mile 

and  10,000  mile 

The  above  information  is  provided  in  detail  in  Exhibits  A-l 
through  C-20  appearing  at  the  end  of  the  report. 

DEVELOPMENT  OF  BREAKEVEN  TIME  CHARTER  RATES  AND  TRANSPORTATION 
COST  PER  TON  RATES 

In  order  to  make  a  ready  comparison  between  marine  trans¬ 
portation  alternatives,  transportation  costs  are  reduced  to 
time  charter  rates  and/or  freight  rates. 

Time  Charter  Rates  -  A  time  charter  rate  is  expressed  in 
terms  of  dollars  per  deadweight  per  month.  It  represents 
the  rate  at  which  an  owner  of  a  vessel  will  lease  the  vessel 
to  a  shipper  for  a  given  period  of  time.  Port  charges,  canal 
tolls,  cargo  handling  costs  and  fuel  costs  are  not  included 
in  this  rate.  The  rate  reflects  only  the  cost  of  hiring 
the  vessel.  A  time  charter  may  be  for  a  single  voyage  or 
for  a  period  of  six  months,  one  year,  five  years  or  longer. 

For  example,  if  an  80,000  deadweight  vessel  is  offered  at 
$8. 00/DWT/Mo.  for  a  three-year  period,  the  charter  would 
pay  $8.00  X  80,000  DWT  equals  $640,000  per  month. 

Freight  Rates  -  A  freight  rate  is  expressed  in  terms  cost 
per  cargo  ton  delivered.  The  freight  rate  relates  to  a 
specific  voyage  and  includes  all  transportation  costs, 
including  port  charges,  cargo  handling  and  fuel  costs. 

The  shipper  is  not  seeking  to  hire  a  ship  but  rather  wishes 
to  contract  for  the  transportation  of  a  specific  quantity 
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of  cargo  on  a  specific  voyage.  The  shipper  is  seeking  to 
contract  for  a  single  voyage  "spot"  charter.  For  example, 
suppose  the  shipper  wishes  to  move  50,000  tons  of  coal 
from  Hampton  Roads  to  Rotterdam.  The  ship  owner  quotes 
$12. 00/ton  (normally  through  a  broker).  Thus,  for  a  fixed 
price  of  50,000  tone  X  $12.00,  the  shipper  will  pay 
$600,000 . 

Development  of  Time  Charter  Equivalent  Rate 

The  time  charter  equivalent  rate  provides  a  single 
number  which  incorporates  the  cost  of  the  ship,  terms  and 
amount  of  financing,  vessel  operating  costs  (manning) , 
provisions  &  stores,  insurance,  maintenance  and  repair  and 
miscellaneous  charges.  The  time  charter  equivalent  rate 
has  been  developed  on  a  breakeven  basis  and  represents  the 
rate  a  ship  owner  must  get  to  cover  all  operating  costs  and 
pay  off  his  ship  financing. 

In  order  to  develop  the  time  charter  equivalent  rate  for 
each  of  the  selected  vessels  and  operating  costs,  the 
Marine  Management  Systems  Time  Charter  Analysis  Program 
is  accessed  by  the  simple  command,  RUN  TIME. 

The  system  permits  calculation  of  breakeven  time  charter 
rates  by  solving  for  a  required  0_%  rate  of  return.  A  ceiling 
time  charter  rate  of  $ 20 . 00/DWT/Mo .  was  input  into  the  programs 
to  avoid  excessive  run-up  of  CRU's  (Computer  Resource  Units)  in 
performing  calculations.  This  ceiling,  however,  is  too  low  for 
the  smaller  vessels  (i.e.,  under  80,000  DWT) ,  and  therefore, 
the  user  of  the  system  merely  adds  a  0  to  the  vessel  DWT 
input,  and,  of  course,  the  resulting  T/C  rate  must  be  adjusted 
by  moving  the  decimal  one  place  to  the  right. 


We  have  included  one  example  of  the  various  cost  and  cash 
flow  schedules  that  can  be  provided  by  the  system  following 
the  25,000  DWT  bulk  time  charter  case. 

The  time  charter  analysis  program,  although  specifically 
designed  for  tanker  and  dry  bulk  vessels,  can  also  be  used 
for  containerships .  The  results  for  containerships  is  shown 
as  $  per  TEU  per  month.  The  TEU  capacity  of  the  vessel  is 
shown  in  place  of  DWT.  In  order  to  accommodate  containerships, 
two  zeros  are  added  to  the  TEU  equivalents  (with  the  exception 
of  the  600  TEU  vessel,  where  three  zeros  are  added).  The 
results  developed  are  then  manually  adjusted  as  shown  in  the 
Exhibits . 

A  quick  examination  of  the  time  charter  equivalent  rates 
shows  that  the  rates  go  down  significantly  for  larger 
vessels  as  well  as  for  foreign  flag  versus  U.S.  flag. 

III. 2  Development  of  Freight  Rates  (Transportation  Cost  Rates) 

The  freight  rate  provides  the  basic  unit  for  comparison  of 
transportation  alternatives  and  is  also  the  specific  unit 
for  determining  the  cost/benefit  associated  with  specific 
port  improvement  programs . 

Port  improvements  ultimately  provide  cost  benefits  in  marine 
transportation  in  only  two  ways,  namely: 

-  increasing  the  size  of  vessel  that  can  call  on 
the  port 

-  reducing  port  turnaround  time 

There  are,  of  course,  additional  benefits  to  the  port  such 
as  increase  in  throughput,  but  this  will  not  impact  the 
cost  of  transportation  unless  one  or  both  of  the  benefits 
mentioned  above  are  realized. 
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By  developing  the  transportation  cost  per  ton  associated 
with  different  size  vessels  and  different  port  turnaround 
times,  the  cost  per  ton  differences  associated  with  these 
factors  can  be  developed,  which  when  multiplied  by  the 
annual  throughput  at  the  particular  port,  will  provide 
the  potential  savings  associated  with  specific  port 
improvement  projects. 

In  order  to  develop  freight  rates  (transportation  cost)  per 
ton,  we  need  to  bring  together  specific  data  on  ship  charac 
teristics,  voyage  character istics ,  voyage  costs  and  ship 
operating  costs.  The  ship  operating  costs  have  already 
been  developed  and  reduced  to  a  time  charter  equivalent 
rate.  Ship  characteristics,  voyage  characteristics  and 
voyage  costs  must  be  gathered.  These  are  then  stored  in 
computerized  data  files  in  the  MMS  Economics  &  Planning 
System. 

DEVELOPMENT  OF  COMPUTERIZED  DATABASE 

A  file  is  created  for  each  ship  and  voyage.  The  ship  data 
files  are  straightforward  and  self-explanatory  with  the 
exception  of  the  container  vessels  (Ship  #'s  300-305). 

Here  the  data  had  to  be  input  in  a  certain  way  so  that 
when  the  data  is  used,  results  in  terms  of  TEU ' s ,  rather 
than  DWT,  can  be  provided. 

I  tern  #5,  Summer  DWT,  represents  the  number  of  TEU's  multi¬ 
plied  by  10.  This  number  is  used  to  calculate  port  charges 
based  on  the  port  costs  stored  in  the  voyage  file.  Port 
costs  include  stevedoring  and  cargo  handling  costs,  as  well 
as  normal  port  charges  and  dues. 


Items  #9  and  #10  are  not  actual  cubics,  as  is  the  case  :  r 
non-container  vessels.  These  cargo  cubics  are  derived  values 
to  assure  that  costs  are  developed  on  a  TEL),  as  opposed  to 
DWT  basis.  The  computer  programs  permit  cargo  restriction 
by  cubic.  Therefore,  a  stowage  factor  of  40  is  shown  in 
the  voyage  file  and  the  cubic  is  derived  by  multiplying  40 
times  the  TEU  capacity  of  the  vessel  (i.e.,  a  600  TEU  vessel 
has  for  the  purpose  of  calculation  24,000  cubic  feet  of 
capacity) .  The  actual  vessel  DWT  is  shown  in  Items  #21 
(Winter  DWT)  and  #22  (Tropical  DWT)  of  the  ship  file. 

The  breakeven  time  charter  (Item  #29)  rate  has  the  decimal 
moved  one  place  to  the  left  to  offset  the  extra  digit  added 
to  the  number  of  TEU 1 s .  The  ship  cost  shown  in  each  file 
(Item  #18)  is  based  on  second  hand  ship  costs,  as  well  as 
operating  and  financial  costs. 

The  voyage  files  are  also  self-explanatory ,  again  with  the 
exception  of  the  container  voyages  where  the  stowage  factor 
(Item  #32)  is  used  specifically  for  calculations;  and  port 
charges  have  been  adjusted  by  moving  the  decimal  point  to 
the  left  to  reflect  the  fact  that  the  number  shown  for  DWT 
in  the  containership  file  represents  10  times  the  number  or 
actual  TEU's  on  the  ship. 

The  case  examples  in  Exhibit  E  show  how  ships,  voyages  and 
operating  costs  can  be  brought  together  to  provide  trans¬ 
portation  cost/ton  as  well  as  voyage  summaries.  The  key 
information  provided  by  the  analysis  shows: 
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Cargo/Voyage 

Days/Voyage 

Voyages/Year 

Annual  Cargo  Delivered 

Annual  Voyage  Costs 
Annual  Charter  Costs 
Total  Costs 
Cost/Ton 

In  the  case  of  the  containerships ,  the  resulting  trans¬ 
portation  cost/ton  is,  in  reality,  transportation  cost  per 
TEU. 

The  voyage  summary  shown  for  the  containership  has  been 
modified  so  as  to  provide  costs  on  a  per  TEU  basis.  The 
restriction  due  to  vessel  cubic  and  the  Summer  DWT  shown 
are  directed  results,  so  as  to  arrive  at  the  proper  cargo 
DWT  (which,  in  this  case,  is  the  number  of  TEU's). 


SCHEDULE  1 
SHIP  COST  PROFILE 


CHARACTERISTICS 

Ship  Name : 

Ship  Owner: 
Flag: 


Speed  Loaded: 

Speed  Ballast: 

Fuel  Consumption 

HVF  Sea _ HVF  Port_ 

D.O.  Sea  D.O.  Port 


Ship  Type 
Delivery  Date 
Crew: 

Nationality  and  Number  Officers 
Nationality  and  Number  Crew 

Total 


OPERATING  COSTS 

A.  Annual  Wages 

Deck  Engine  Radio  Deck  Engine 

Officers  Officers  Officers  Crew  crew  Stewards  Other  Total 

Basic  Wages 

Benefits 

Overtime 

Total  Annual 
Corap. 


Total  Crew  Costs 
Other  Costs* 
Total  Annual 
Cost 


B.  Subsistence: 


C.  Stores  &  Supplies: 


D.  Maintenance  and  Repair 

Annual  “ 

Special  Survey  Allowance  Total 


‘Repatriation ,  Training,  etc. 
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Schedule  1  (Continued) 


Insurance 


Hull  &  Machinery 
Protection  &  Indemnity 
War  Risk 

Total 


Other  Operating  Costs* 

Total  (A  through  F) 

Ship  Construction  and  Capital  Costs 


Ship  Costs:  (if  available) 
Estimated  Original  Cost 
Estimated  Current  Market 

Financing 

Current 

Actual  (if  available) 

Amount  of  Loan 

Interest  Rate  (%) 

Term  (years) 

Type  (level  payment) 

Depreciation 

Years 


Tax  Rate 


Identify 


VOYAGE  ANALYSIS  CALCULATION  SHEET  (SIMPLIFIED) 


TIME  ANALYSIS 

DISTANCE 

SPEED 

CARGO  TONS 

HANDLING  RATE 

TOTAL  DAYS 

BAL  SEA:  HVF/BKRC 


DIESEL  OIL 


LD  SEA:  HVF/BKRC 


DIESEL  OIL 


PORT:  HVF/BXRC 


DIESEL  OIL 


CANAL:  HVF/BKRC 


DIESEL  OIL 


TOTALS 


BALLAST  SEA 


LOADED  SEA 


LOAD  PORT 


DISCH  PORT 


CANAL 


TOTALS 


FUEL  CONSUMPTION  I  CONS  LT/DAY  TOTAL  DAYS  TOT  CONS 


CARGO  CALCULATION 
DEADWEIGHT  TONS 
LESS  WATER  &  STORES 
LESS  BUNKERS 
LESS  RESERVE  BUNKERS 
CARGO  DEADWEIGHT 


TYPE  CARGO 


CUBIC  CHECK 

VESSEL  CUBIC  (CUFT) 
t  CARGO  STOW  FACTOR 
-  CDWT  CUBIC  LIMIT 


REVENUE  FIO  $ 

FRT  RATE  $/TON 

X  CARGO  TONS 

_  -  GROSS  FRT 

S 

OR  WORLDSCALE 

WS  RATE  X  WS 

FLAT:  x  CARGO  TONS 

___  - 

100 

COMMISSION  %  _ 

X  GROSS  FRT  $ 

_  -  COMMISSION 

S 

-  NET  FRT 

s 

VOYAGE  COSTS  $ 

CANAL  TOLL  $:  REG  TONS' 

X  CANAL 

RTE 

LD  $/RT 

X  CANAL 

RTE 

$/RT 

LOAD  PORT  CHARGES  $ 

• 

m 

DISCH  PORT  CHARGES  $ 

m 

ADJUSTMENTS  $ 

- 

FUEL  COSTS  $ 

m 

TOTAL  VOYAGE  COSTS  $ 

m 

NETBACK  $  -  (NET  FRT  LESS  TOT  VOY  COSTS) 
NETBACK  $  _ 7  TOT  DAYS  _ 

EQUIV  TIME  CHARTER  RATE 
(NETBACK  $/DAY  X  365)  7  (12  X  DWT) 


-  NETBACK  $/DAY 


-  $/DWT/MO 


PROFIT  CALCULATION 

SHIP  COST:  S/DAY  _ 

OR  $/DWT/MO  _ 

VOY  PROFIT  $  -  NETBACK  $  _ 

$  PROFIT/DAY  -  VOY  PROFIT  $ 


_  X  DAYS 

_  X  x  DAYS 

_  LESS  SHIP  COST 

DAYS 


$ 

OR 

S. 

$_ 

$/DAY 


EXHIBIT  A-l 
DATA  FILES 
(AMENDED  9/27/82) 

U.S.  FLAG 
SHIP  FILES 
BULK  &  TANKER  SHIPS 
(RATES  PER  DWT/MO.) 

T/C  Rate  T/C  Rate 

Ship  #  Ship  Name  New  Second  Hand 


Flag 

DWT 

Type 

100 

US 

25K 

Bulk 

$  37.60 

$  22.59 

101 

US 

8  OK 

Bulk 

19.63 

10.85 

200 

US 

25K 

Tanker 

37.93 

23.60 

201 

US. 

35K 

Tanker 

31.84 

19.05 

202 

US 

40K 

Tanker 

30.00 

18.00 

203 

US 

50K 

Tanker 

25.72 

15.29 

204 

US 

60K 

Tanker 

21.74 

12.87 

205 

US 

80K 

Tanker 

17.42 

10.38 

206 

US 

90K 

Tanker 

16.31 

9.65 

207 

US 

120K 

Tanker 

13.84 

8.04 

208 

US 

150K 

Tanker 

17.23 

6.98 

209 

US 

175K 

Tanker 

11.58 

6.48 

CONTAINERSHIPS 
(Rates  Per  TEU/Mo.) 


300 

Flag 

US 

TEL 

600 

I'S 

TEU 

$1,894.00 

$1,224.00 

301 

US 

1,000 

TEU 

1,253.00 

808.00 

302 

US 

1,200 

TEU 

1,115.00 

688.00 

303 

US 

1,400 

TEU 

1,057.00 

644.00 

304 

US 

1,600 

TEU 

992.00 

598.00 

305 

US 

2,000 

TEU 

875.00 

521.00 

307 

US 

2,400 

TEU 

805.00 

463.00 

Rev .  1 
12/08/82 


EXHIBIT  A-2 
SHIP  FILES 
(CONTINUED) 

GENERAL  CARGO 
(RATES  PER  DWT/MO.) 

T/C  Rate  T/C  Rate 

Ship  #  Ship  Name  New  Second  Hand 


Flag 

DWT 

Type 

400 

US 

11K 

General  Cargo 

$  87.42 

$ 

57.21 

401 

US 

14K 

General  Cargo 

76.29 

48.01 

402 

US 

16K 

General  Cargo 

73.81 

45.20 

403 

US 

20K 

General  Cargo 

57.98 

34.77 

404 

US 

24K 

General  Cargo 

56.19 

33.37 

405 

US 

3  OK 

General  Cargo 

50.49 

29.23 

VOYAGE  FILES 


Voyaqe  # 

Voyage  Name 

100 

1,500  Mi.  - 

Bulk 

101 

2,500  Mi.  - 

Bulk 

102 

5,000  Mi.  - 

Bulk 

103 

10,000  Mi. 

-  Bulk 

200 

1,500  Mi.  - 

Tanker 

201 

2,500  Mi.  - 

Tanker 

202 

5,000  Mi.  - 

Tanker 

203 

10,000  Mi. 

-  Tanker 

300 

1,500  Mi.  - 

Container 

301 

2,500  Mi.  - 

Container 

302 

5,000  Mi.  - 

Container 

303 

10,000  Mi. 

-  Container 

400 

1,500  Mi.  - 

General  Cargo 

401 

2,500  Mi.  - 

General  Cargo 

402 

5,000  Mi.  - 

General  Cargo 

403 

10,000  Mi. 

-  General  Cargo 
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EXHIBIT  A- 3 
ITINERARIES 


Voyage  Number 

400 

401 

402 

Voyage  Type 

Gen.  Cargo 

Gen.  Cargo 

Gen.  Cargo 

Distance  -  Loaded 

1,500 

2,500 

5,000 

Distance  -  Ballast 

1,500 

2,500 

5,000 

Bunker  Distance 

1,500 

2,500 

5,000 

Port  Days  -  Loaded 

6.0 

6.0 

6.0 

Port  Days  -  Discharged 

6.0 

6.0 

S.O 

Fuel  Price  -  HVF 

180 

180 

180 

Fuel  Price  -  D.O. 

300 

300 

300 

Port  Charges  LD/DWT 

$25 

$25 

$25 

Port  Charges  Disch/DWT 

25 

25 

2L 

Draft  Limit  -  Load 

70 

70 

70 

Draft  Limit  -  Discharge 

40 

40 

40 

Cubic  Foot/Ton 

50 

50 

50 

Gen 


403 

Cargo 


10,000 

10,000 

10,000 


6.0 

6.0 


180 

300 


$25 

25 

70 

40 

50 
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ESTIMATED  AVERAGE  OPERATING  COSTS  FOR  OCEANGOING  VESSELS 
(RESULTS  -  SUMMARIZED  IN  TERMS  OF  TIME  CHARTER  EQUI VALENT) 
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EXHIBIT  C-l 

ESTIMATED  AVERAGE  OPERATING  COSTS  FOR  OCEANGOING  VESSELS 
(RESULTS  -  SUMMARIZED  IN  TERMS  OF  TIME  CHARTER  EQUIVALENT) 
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Figures  in  millions. 

Includes  ship  recovery  value  in  15th  year  -  25%  of  original  cost  of  new  ship  and  10%  of  cost  of  second  hand  ship.  Financing  payments 
made  semi  -annual  ly,  350  operating  days  per  year. 
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U.  S.  FLAG  SHIP  OPERATING  AND  CAPITAL  COSTS 
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■fiD-A136  86?  PROCEEDINGS:  ECONOMIC  AND  SOCIAL  ANALYSIS  WORKSHOP  HELD  2/5 
AT  ST  LOUIS  MISSO.  .  <U>  ARMY  ENGINEER  INST  FOR  HATER 
RESOURCES  FORT  BELVOIR  VA  L  G  ANTLE  OCT  83  IUR-83-P-40 
UNCLASSIFIED  F/G  13/2  NL 


The  remainder  of  this  memorandum  describes  the  development  of  the 
exhibits . 


II .  EXHIBIT  A  -  U.S.  FLAG  SHIP  OPERATING  AND  CAPITAL  COSTS  REDUCED 
TO  TIME  CHARTER  EQUIVALENT  RATES 

The  enclosed  statement  provides  the  development  of  the  time 
charter  equivalent  rates  associated  with  the  selected  ship, 
operating  and  capital  costs.  The  time  charter  analysis  program 
is  used  and  is  accessed  by  the  simple  command,  RUN  TIME. 

The  system  permits  calculation  of  Dreakeven  time  charter  rates 
by  solving  for  a  required  0%i  rate  of  return.  A  ceiling  time 
charter  rate  of  $20 . 00/DWT/Mo .  was  input  into  the  programs  to 
avoid  excessive  run-up  of  CRU's  (Computer  Resource  Units)  in 
performing  calculations.  This  ceiling,  however,  is  too  low  for 
the  smaller  vessels  (i.e.,  under  80,000  DWT) ,  and  therefore, 
the  user  of  the  system  merely  adds  a  0  to  the  vessel  DWT  input, 
and  of  course,  the  resulting  T/C  rate  must  be  adjusted  by  moving 
the  decimal  one  place  to  the  right. 

We  have  included  one  example  of  the  various  cost  and  cash  flow 
schedules  that  can  be  provided  by  the  system  following  the 
25,000  DWT  bulk  time  charter  case. 

The  time  charter  analysis  program,  although  specifically 
designed  for  tanker  and  dry  bulk  vessels ,  can  also  be  used 
for  containerships .  The  results  for  containerships  is  shown 
as  $  per  TEU  per  month.  The  TEU  capacity  of  the  vessel  is 
shown  in  place  of  DWT.  In  order  to  accommodate  containerships, 
two  zeros  are  added  to  the  TEU  equivalents  (with  the  exception 
of  the  600  TEU  vessel,  where  three  zeros  are  added) .  The 
results  developed  are  then  manually  adjusted  as  shown  in  the 
exhibits . 


MM!  TIME  C  HRPTEP  PCF-CH5H  FLOW  PPOiFFFM  *  MDP4  > 


1  CHhFTEF  PUT  = : 25 1 1 2 

2  INIT  THE  PTE  J'Pi.iTyM='7??‘ 

PEO  In!  Pi  7  ft 

5  ."hhFTEF  TFPM  VP!  I "1 5 

F  ETCPL  DPEP  C  ST  l  Yp  =7 
~  OPEP  f'T  ESCftL  V-YP  =T 
F:  MOM  E:c  DFP  C ! T  %,  YF  =  t-4I5F.000 
•?  -PEC  C !  T  YP  =•■ 

11  DC.  F'PF  OFF  VF  PFlYMT  =  ' 

if  -hip  cost  i  = 7 55 000000 

1  ’I  TYPE  LCPM  1  OF  2  =  71 

'4  L OMh  IMTEP  FTE  Y  =  715 

If,  mmOUMT  OF  I  OPM  ?  =  :  5500000 

IF  iChH  TEFM  YP!  ="15 

Fh.MEMTC  <  1 FiNNUFiL  <2  ■  IEMI-FiNNIJFiL 

17  ‘HIP  LIFE  VF!  =-20 

IF  :HIP  VflL  EMI'  CHhP  ='13750000 

I  Y  ThV  PhIF  *.  =  "  0 

-  0  TfPF  IFPFEC  !  OF  P  =  T-! 

MOPIFY  LIME  NIJMI EP:  7 

T  r  PhTE  GPE STEP  THhM  1-2 0 

INPUT  '-CHFPULE  PFO:tf 

PFFFRT  OfiLC  WITH  MOP  I  F  I  C  FlT  I  ONS 
MOI'IFY  LIME  NI.IMIER  :  7 1 

1  CHPFTEP  PWT  =-251120 

MOPIFY  L  IMF  NUMp-FP:  ' 

PPP  FVEM  T'C  PHTE  <  0  NET  CP!H  FLOW'  = 

INPUT  'CHE PULE  PEO: 7F 

PFPFPT  rPLC  WITH  MOP  I F  I C  FtT  I OM7 
mOPIFY  LIME  MUM  PEP  5  7  8 

*  MOM  F SC  OFF  C'T  5  -',  F  =  "  2F.250P0 

MOPIFY  LIMF  Mi.iMFEP' :  7 1  2 

12  -HIP  CO!  T  ?.  ='22000000 

MOPIFY  LIME  MUM IFF ! 7 1 5 

J5  mMOUMT  OF  L  0PM  ?  =  ' 15400000 
MOPIF'i  LIME  MUM  PEP:  "  1! 
i;  ‘HIP  VftL  FMP  CHOP  = "2  2 00  000 
MOPIFY  LIMF  MUMPER:' 

PPL  EVEN  TyC  PHTE  -f-  MET  i.HCH  FLOW-- 
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INPUT  ‘CHFPULE  PEP: 'ft 


pspert  crlc  with  modificrtion': 

MODIFY  LINE  NUMBERS  71 
1  SHRPTER  DMT  =  '<3219? 

MODIFY  LINE  NUMBER: -3 
3  NON  ESC  OFF  CST  t' YP« ■ 5150000 
MODIFY  LINE  NUMBER:  7 1 5 

12  SHIP  COST  *  *"11 0000000 

MODIFY  LINE  NUMB EFs "15 
15  rmount  of  lorn  t«??roooooo 
MODIFY  LINE  NUMBER: '12 

13  SHIP  VflL  END  CHRP  «"cT500000 

MODIFY  LINE  NUMBERS » 

BR*  EVEN  TC  RRTE  *0  NET  CRSH  FLDW>  *  19.3200  Vfe.^ 

INPUT  SCHEDULE  REG: :R 

REPERT  CRLC  WITH  MODI  FI CRT  IONS 
MODIFY  LINE  NUMBERS '8 

3  NON  ESC  OPP  CST  S  YR«* 4430000 

MODIFY  LINE  NUMBERS ? 12 

12  CHIP  COST  *  ='44000000 

MODIFY  LINE  NUMBERS'- 15 

15  RMOUNT  OF  LORN  B*'- 30300000 

MODIFY  LINE  NUMBERS  <  1$: 

13  CHIP  VRL  END  CHRP  =T 44 00 000 
MODIFY  LINE  NUMBER:- 

ERk  EVEN  T'C  FRTE  <0  NET  CRCH  FLOW ■  =  10.3453  Urtfc-O 

INPUT  SCHEDULE  PEC'S  - 

INPUT  SCHEDULE  REGS'- 


Tl*p, 

^°OoO  OtoT 
Wc. 


08 


p 

REPEAT  CALC  WITH  MODIFICATIONS 
MODIFY  LIME  NUMBER* ’1 

1  CHHPTEP  DWT  -’120319 

MODIFY  LINE  NUMBER*  ’8 

8  NON  ESC  OPR  CST  *. YR-’5893000 

MODIFY  LINE  NUMBERs’12 

12  SHIP  COST  *  *’145000000 

MODIFY  LINE  NUMBER* ’13 

15  AMOUNT  OF  LOAN  *-"101500000 

MODIFY  LINE  NUMBER*  ?18 

18  SHIP  VAL  END  CHAR  -’36250000 

MODIFY  LINE  NUMBER*’ 

BRK  EVEN  T^C  RATE  (0  NET  CASH  FLOW) - 

INPUT  SCHEDULE  REQS’R 

REPEAT  CALC  WITH  MODIFICATIONS 
MODIFY  LINE  NUMBER* ’8 

8  NON  ESC  OPR  CST  *- YP-’5323000 
MODIFY  LINE  NUMBER* ’12 
12  SHIP  COST  S  -’60000000 

MODIFY  LINE  NUMBER* ’15 
15  AMOUNT  OF  LORN  *-’42000000 

MODIFY  LINE  NUMBER* ’18 
18  SHIP  VAL  END  CHAR  -’6000000 
MODIFY  LINE  NUMBER*’ 

BRK  EVEN  T 'C  RATE  <0  NET  CASH  FLOW) - 
INPUT  SCHEDULE  PECs’ 


U  s. 

1  0uJT 


1".  0305 


9.5654  '1*4  H**/? 
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R 

REPEAT  CALC  WITH  MODIFICATIONS 
MODIFY  LINE  NUMBER * 7 1 

1  CHARTER  DWT  »? 12 0000 

MODIFY  LINE  NUMBER* ?8 

8  NON  ESC  OPR  CST  *yYR«?61 73000 

MODIFY  LINE  NUMBER* ?12 

12  SHIP  COST  S  »?80000000 

MODIFY  LINE  NUMBER*  ?1 5 

13  AMOUNT  OF  LOAN  $*»736000000 

MODIFY  LINE  NUMBER*  718 

18  SHIP  VAL  END  CHAR  »720000000 
MODIFY  LINE  NUMBER*? 

BRK  EVEN  T^C  RATE  (0  NET  CASH  FLOW>-  11.3397 

INPUT  SCHEDULE  REQ*  ?R 

REPEAT  CALC  WITH  MODIFICATIONS 
MODIFY  LINE  NUMBER*  78 

8  NON  ESC  OPR  CST  S^YR-73335000 

MODIFY  LINE  NUMBER*  7 12 

12  SHIP  COST  1  ■728000000 

MODIFY  LINE  NUMBER* 715 

13  AMOUNT  OF  LOAN  S«719600000 

MODIFY  LINE  NUMBER* 718 

18  SHIP  VAL  END  CHAR  »72800000 
MODIFY  LINE  NUMBER*7 

BRK  EVEN  T/'C  RATE  <0  NET  CASH  FLOW>«  6.6886 
INPUT  SCHEDULE  PEC*  7 


U  $  € LA 


^  44 
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R 

REPEAT  CALC  WITH  MODIFICATION'! 

MODIFY  LINE  NUMBER: "1 

1  CHAPTER  DWT  -?300000 

MODIFY  LINE  NLIMBEP:  *8 

8  NON  ESC  OPR  CST  *^yR-?5230000 

MODIFY  LINE  NUMBER:? 12 

12  SHIP  COST  *  -*100000000 

MODIFY  LINE  NUMBERS ?13 

13  AMOUNT  OF  LOAN  *-*70000000 
MODIFY  LINE  NUMBER: "18 

18  SHIP  VAL  END  CHAR  -'£3000000 
MODIFY  LINE  NUMBERS'? 

BRK  EVEN  TxC  PATE  <0  NET  CASH  FLOW* »  3.  0483 

INPUT  SCHEDULE  REQs?P 

REPEAT  CALC  WITH  MODIFICATIONS 
MODIFY  LINE  NUMBER: ?8 

8  NON  ESC  OPR  CST  V YP»*481 0000 

MODIFY  LINE  NUMBER: ?12 

12  SHIP  COST  S  -*40000000 

MODIFY  LINE  NUMBERS ?13 

13  AMOUNT  OF  loan  *-*£8000000 

MODIFY  LINE  NUMBERS'?  18 

18  SHIP  VAL  END  CHAR  -?4000000 
MODIFY  LINE  NUMBERS'? 

BRK  EVEN  T'C  RATE  -0  NET  CASH  FLOW'-  £.?£!:£ 

INPUT  SCHEDULE  PEGS? 

USED  843.97  UNITS 
BYE 

00846.48  CPU  0001.49  TCH  0026.43  K  C 
OFF  AT  12S34EDT  06-2 0-82 


U.S 

3  OOO  O  Ouj-T 
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EXHIBIT  B  -  SHIP  AND  VOYAGE  FILES 

A  file  is  created  for  each  ship  and  voyage.  The  ship  data 
files  are  straight  forward  and  self-explanatory  with  the 
exception  of  the  container  vessels  (ship  #’s  300  -  305). 

Here  the  data  had  to  be  input  in  a  certain  way  so  that  when 
the  data  is  used,  results  in  terms  of  TEU's,  rather  than  DWT 
can  be  provided. 

Item  #5  Svunmer  DWT,  represents  the  number  of  TEU's  multiplied 
by  10.  This  number  is  used  to  calculate  port  charges  based 
on  the  port  costs  stored  in  the  voyage  file.  Port  costs  include 
stevedoring  and  cargo  handling  costs,  as  well  as  normal  port 
charges  and  dues. 

Items  #9  and  #10  are  not  actual  cubics ,  as  is  the  case  for 
non-container  vessels .  These  cargo  cubics  are  derived  values 
to  assure  that  costs  are  developed  on  a  TEU,  as  opposed  to  DWT 
basis.  The  computer  programs  permit  cargo  restriction  by  cubic. 
Therefore,  a  stowage  factor  of  40  is  shown  in  the  voyage  file  and 
the  cubic  is  derived  by  multiplying  40  times  the  TEU  capacity  of 
the  vessel  (i.e. ,  a  600  TEU  vessel  has  for  the  purpose  of 
calculation,  24,000  cubic  feet  of  capacity).  The  actual  vessel 
DWT  is  shown  in  items  #21  (Winter  DWT) ,  and  #22  (Tropical  DWT) 
of  the  ship  file.  The  breakeven  time  charter  (item  #29)  rate 
has  the  decimal  moved  one  place  to  the  left  to  offset  the  extra 
digit  added  to  the  number  of  TEU's.  The  ship  cost  shown  in  each 
file  (item  #18)  is  based  on  second  hand  ship  costs,  as  well  as 
operating  and  financial  costs. 

The  voyage  files  are  also  self-explanatory,  again  with  the 
exception  of  the  container  voyages  where  the  stowage  factor 
(item  #32)  is  used  specifically  for  calculations;  and  port 
charges  have  been  adjusted  by  moving  the  decimal  point  to  the 
left  to  reflect  the  fact  that  the  number  shown  for  DWT  in  the 
containership  file  represents  10  times  the  number  of  actual 
TEU's  on  the  ship. 


INPUT  SHIP  NO.  '101 

PEC 

•'  ~  c! 

1 

SHIP  NO 

1  01 

c 

NAME :  US  8 OK  BULK 

SHIP  CODE 

HVF 

4 

SHIP  TYPE 

BULK 

5 

SUMMER  BUT 

88 1 99 

h, 

SEPV  SPEED  LD= 

1 6 .  0  0 

“7 

SERV  SPEED  BL= 

17.0  0 

8 

DRAFT  <SUM>  = 

45.83 

9 

LIQUID  CUBIC  = 

38 1  7  0  0  Ci 

1  0 

GRAIN  CUBIC  = 

38 1  7  ij  0  0 

1 1 

HV  FUEL  SEA- B= 

188. 00 

IS 

HVFUEL  PORT /D= 

15.  00 

13 

DIESEL  SEA-' D  = 

0. 

14 

DIESEL  PORT  - D= 

0. 

15 

SUEZ  NRT 

o 

16 

PANAMA  NRT 

o 

1? 

WATER  t  S  TPS  = 

8  0  0 

18 

SHIP  COST  J  = 

3  08  0  0  0  0  0 

18 

TONS  •-INCH 

1  93 

80 

PANAMA  DWT 

0 

81 

WINTER  DWT 

79988 

c  c 

TROPICAL  DWT  = 

8441  0 

C.  -■ 

SUEZ  DWT 

0 

84 

BUNKER  CAP  LT= 

Ij 

I.c 

l —  _* 

OPER  CST'DAY  = 

18198 

86 

FI NAN  CHG ■ DAY= 

1  4430 

c  r 

OPER  DAYS' YR  = 

350 

c  8 

BRK  EV  TIM  C H= 

1  0.  85 

105 

INPUT  SHIP  NO.  7207 


REC  «  =  10 

1  SHIP  NO  = 

2  NAME:  US 12 OK 

3  SHIP  CODE 

4  SHIP  TYPE 

5  SUMMER  DWT 

6  SERV  SPEED  LD= 

7  SERV  SPEED  BL= 

8  ’DRAFT  <SUM>  = 

9  LIQUID  CUBIC  = 

10  GRAIN  CUBIC  = 

11  HV  FUEL  SEA^D= 

12  HVFIJEL  PORTED* 

13  DIESEL  SEA/D  = 

14  DIESEL  PORT^D= 

15  SUEZ  NRT 

16  PANAMA  NRT  * 

17  WATER  1  STRS  * 

18  SHIP  COST  $  = 

19  TONSv  INCH 

20  PANAMA  DWT  = 

21  WINTER  DWT  = 

22  TROPICAL  DWT  = 

23  SUEZ  DWT  * 

24  BUNKER  CAP  LT= 

25  OPER  CST^DAY  = 

26  FI NAN  CHG'DAY= 

27  OPER  DAYS/YR  = 

28  BRK  EV  TIM  CH= 


207. 

TANKER 
HVF 
TANKER 
120319. 
16.  00 
17.  00 
51.75 
4756339. 
4756339. 
128.00 
20.  00 
0. 

0. 

0. 

0. 

250. 

60000000. 

254. 

0. 

117033. 

123605. 

0. 

0. 

14584. 

19679. 

350. 

9.57 


INPUT  SHIP  NO.  ?405 


1 

SHIP  NO 

405. 

£ 

NAME:  US 3 OK  i 

GEN. CARGO 

3 

SHIP  CODE 

HVF 

4 

SHIP  TVPE 

GEN. CARGO 

5 

SUMMER  DWT  * 

30000. 

6 

SERV  SPEED  LD= 

18.50 

? 

SERV  SPEED  BL= 

19.50 

8 

DRAFT  <$ UM>  ■ 

36.  00 

9 

LIQUID  CUBIC  » 

1600000. 

10 

GRAIN  CUBIC  » 

1600000. 

11 

HV  FUEL  SEA/Da 

124. 00 

12 

HVFUEL  PORT/Da 

16.  00 

13 

DIESEL  SEA/D  = 

0. 

14 

DIESEL  POPT/D= 

0. 

15 

SUEZ  NRT 

0. 

16 

PANAMA  NRT  a 

0. 

1 7 

WATER  &  STRS  = 

150. 

18 

SHIP  COST  S  * 

40000000. 

19 

TONS/ INCH 

0. 

20 

PANAMA  DWT 

0. 

21 

WINTER  DWT  * 

30000. 

2£ 

TROPICAL  DWT  = 

30000. 

23 

SUEZ  DWT 

0. 

24 

BUNKER  CAP  LT= 

0. 

25 

OPER  CST/DAY  = 

13178. 

26 

FI NAN  CHG/DAV= 

13118. 

27 

OPER  DAYS/YR  = 

350. 

28 

BRK  EV  TIM  CH= 

29.23 
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IMP UT  VOY  HD.  ?10£ 
PEC  MO.  4 


1 

VOYAGE  NUMEER 

£ 

NAME:  BULK-5 00 OH I . 

3 

BIST  LORDED 

5  0  0  0 

4 

DIST  BALLAST 

5000 

5 

EKR  DIST  LD  PORT  = 

5  0  0  0 

A 

ERR  DIST  INTR  PDRT= 

l" 

FREEED  ZOME  DIST  = 

K 

CANAL  DISTANCE 

0 

q 

CNL  DYS  <=  6 OK  DWT= 

0. 

10 

CANAL  DAYS  >  60000= 

0. 

1 1 

PORT  DAYS  LD 

£.  00 

1  £ 

LOAD  RATE  1000  T-'D= 

0. 

13 

PORT  DAYS  DISCH  = 

£.  00 

14 

DISCH  RATE  TH  T/D= 

0. 

15 

FUEL  PRC  ERR  C:  f-'L= 

1 8  0 .  0  0 

16 

FUEL  PRICE  HVF  S'L= 

1 S  0 .  0  0 

17 

FUEL  PRICE  DO  *>LT= 

300.  00 

IS  SUEZ  RATE  LD  $/RT  =  0. 

19  SUEZ  RFiTE  ERL  $  RT=  0. 

0  PANAMA  RTE  LD  $/RT=  0. 

1  PANAMA  RTE  ERL  ~  0. 

£  PORT  CHG  LD  $=  0. 

3  RT  CHG  LD  S/'DWT*  0.150 

4  PORT  CHG  DISCH  $=  0. 

5  PT  CHG  DCH  DWT=  0.500 

6  DPRFT  LI M  LD  PORT  =  40.00 

7  DRRFT  LIM  DSCHG  PT=  70.00 

S  DRRFT  LIM  CRMRL  =  0. 

9  LORD  I  MG  PORT  ZOME  = 

SO  IMTERMED  PORT  Z0ME= 

31  FREEEORRD  ZOME 

3c  STOWAGE  FACTOR  =  36.00 

33  CARGO  RESTRICTION  =  0. 

34  STAND.  SCALE  $'LT=  0. 

35  WORLDSCALE  FLAT  =  0. 

36  DAYS  IM  CANAL  ERL  =  0. 

37  SOURCE  PRICE  f'LT=  0. 

38  VOY  DE SCRIPT  : 
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IMf'l.iT  VO'.  NO.  ■  SOS 
PEC  NO.  11 


1 

VDVHI3E  NUMDER  = 

c 

MRnE :  C0NTRINER-5'|‘ 

'ONI  . 

D 1  : T  LORDED 

5  0  0  0 . 

4. 

DMT  E^hLLhIT  = 

5  0  0  Ci . 

cr 

DF  c  ril  'T  ld  poet  = 

5  Ci  Ci  0 . 

4, 

DIP  DMT  INTP  FORT  = 

0. 

EFEEBD  ZONE  DMT  = 

Cl. 

?: 

C  hNhL  DMTRHCE  = 

0. 

*4 

C ML  D'V "Z  =  EOF  DUT  = 

0. 

1  0 

C  MHhL  DRY!  £.0000  = 

0. 

1  1 

POPT  Dh'.  I  LD 

?.  00 

M 

LORD  RRT £  1000  T  p= 

II. 

1  ? 

PORT  dry:  dmch  = 

?• .  00 

14 

DMCH  PRTE  TH  T  D= 

Ci . 

15 

FUEL  PRC  E  F  R  C  1  L  = 

t  S  Cl .  0  0 

1  £ 

FUEL  PRICE  HVF  1  L= 

1  8  0 .  0  Cl 

i  r 

FUEL  PRICE  DO  M  L T  = 

?  Ci  C  i .  0  i.i 

IS 

INEZ  RmTE  LD  i  RT  = 

0. 

19 

:UEZ  PRTE  E  RL  1  F  T  = 

0. 

SO 

PRMRMH  RTE  LD  i  PT= 

0. 

SI 

PRMRMR  PTE  DhL  = 

0. 

a  u. 

PORT  C HR  LD  1  = 

0. 

C  -• 

PT  C  Hi?  LD  •}.  DMT  = 

cO.  000 

S  4 

PORT  CHI?  D I  :  C  H  l  = 

0. 

-  cr 

i— 

PT  CH6  DC  H  l  DHT  = 

?■  I? .  i.i  i.i  0 

i-;  *z< 

DPHFT  LIU  LD  PORT  = 

4  0.  i  i  Ci 

C.  i 

DPHFT  Lin  DM  Hi?  PT  = 

Z  0 .  Ci  0 

C.  'Z‘ 

DrRF  T  L.  1 M  C  HNhL  - 

0. 

c.  r* 

LORD I Hi?  PORT  DOME  = 

<  0 

IliT FIRMED  PORT  ZuUE  = 

S  1 

FREE DORR'D  ZONE 

/■  c 

*  T OURi?E  FRCTOR1  = 

4  Cl .  0  I.I 

? 

C  RF'i?0  RE  1  TRIE  T  ION  = 

Ci . 

;-a 

:  TRND.  : C Hi. E  i  lt  = 

0. 

-•  c 

i.'ORld:  crle  flrt 

0. 

:> 

DRY!  IN  CRNhL  DHL  = 

0 . 

•  r 

.'Ounce  price  m  l  t = 

0. 

f. 

VQV  DEC  CPI PT  : 

o  o  o  o 
o  m  r*  ^ 
t/>  v> 


o  o  o  o 

(N  ^  r-  V 

t/>  (A 


o  c  o  o 
c\  f~-  r**  ^ 

</>  l/> 


o  o  o  o 

<N  ^  r*  v 
v>  </> 


o  o  o  o 

fM  it  r*  ^ 


o  o  o  o 
<m  ui  r-  ^ 


o  o  c 

.  cc  o 

rsi  — .  ft 


vn  o  o  o 

r-i  f'  ^y 


j-i  C  O  O 
--  iT  ^  V 


0 

a 


ITINERARY 


Voyage  Number 

400 

401 

402 

403 

Voyage  Type 

Gen.  Cargo 

Gen.  Cargo 

Gen.  Cargo 

Gen.  Cargo 

7'istance  -  Loaded 

1,500 

2,500 

5,000 

10,000 

distance  -  Ballast 

1,500 

2,500 

5,000 

10,000 

Vjnker  Distance 

1,500 

2,500 

5,000 

10,000 

'  art  Day's  -  Loaded 

6.0 

6.0 

6.0 

6.0 

Tort  Days  -  Discharged 

6.0 

6  .0 

6.0 

6.0 

'uel  Price  -  HVF 

180 

180 

180 

ISO 

"uel  Price  -  D.O. 

300 

300 

300 

200 

*-ort  Charges  LD/DWT 

$25 

$25 

$25 

$25 

"ort  Charges  Disch/DWT 

25 

25 

25 

25 

raft  Limit  -  Load 

70 

70 

70 

70 

'.■raft  Limit  -  Discharge 

40 

40 

40 

40 

2u.  Ft. /Ton 

50 

50 

50 

50 

IV. 


EXHIBIT  C  -  CASE  EXAMPLES 


The  case  examples  show  how  ships ,  voyages  and  operating  costs 
can  be  brought  together  to  provide  transportation  cost/ton  as 
well  as  voyage  summaries.  The  key  information  provided  by  the 
analysis  shows: 

Cargo/Voyage 

Days/Voyage 

Voyages/Year 

Annual  Cargo  Delivered 

Annual  Voyage  Costs 
Annual  Charter  Costs 
Total  Costs 
Cost/Ton 

In  the  case  of  the  containerships ,  the  resulting  transportation 
cost/ ton  is  in  reality,  transportation  cost  per  TEU. 

The  voyage  summary  shown  for  the  containership  has  been  modified 
so  as  to  prpvide  costs  on  a  per  TEU  basis.  The  restriction  due 
to  vessel  dubic  and  the  Summer  DWT  shown  are  directed  results , 
so  as  to  arrive  at  the  proper  cargo  DWT  (which,  in  this  case, 
is  the  number  of  TEU's) . 
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TRANSPORTATION  COST 


P  ‘.tM  TR-NC  ;  T 


TPNC  :T  1  i  :  (if  E  l>  T  1.1-;'  £4  &£ 


MftPINE  h.mMhGEMEMT  :  :tem:  -  TF  or,  ;  P  QR  T hT  I  Qf.  C ;  *  tFGG 
chip  ho.  -loi 
VQVftGE  MO.  -l(i£ 

□per  c:r  ho.  :i 

CHIP  :  1.1:501  EULl 

VQYPhSE  :  EULt  -'('Oiifil . 

noii ; :  chip  .  vo',  .op  opep 


C HmF'  PTE  1  pi.IT  MD:=  *  I  0.5:5 
CHhPTEF  tefm=  -P 
etcfilfitiom  i;o:t:  :  eft.e  i  = 


CPlPSO  TVF'E :  1.L10  £.  I'PV  EVLt  '1DELETED 


FOFT  CHi%  VOV  t  : 

r MPoO  01, it  =  t-t-EPE. 
IiHVC  VOV  =  £5.c-5 

VOV  VP  =  1  1  .  S>i 

HMHUHL  LSVIlN* 


mhmuml  vov  r  q;  t  =  '•iOJrcS. 

VOV  C'T  e  :  C  HL  *.=  * 

mvij  mmmi.ihl  e:c  vov  co:t=  tjh; roc. 

mHM'JmL  ChmF  C  :  T  =  J  0cCc4f 

totfil  (g:t  j  =  lrp-cEEir. 

tf-mh;  co:t  i  t  »  ii.  ci 


HOPE •  • ' UM 

vo'.  FiGE  ;  i.imuhR', 

Eft  T'ftVC 
FQFT  lift  VC 
f PMHL  pHrC 
TOT  HL  t'Fiv: 


FUEL  co:t 

£t-'M  1£. 

*:■  4  vi  u . 

:  >• . 

!4mi, 

c,»-  *,xt.e. 

F  OP  T  lhhF  GE; 

M. 

Ic  : 0. 

0. 

411m 0 . 

c'.  4c  - 

>'  HMftL  CHFiPGE: 

0. 

ij. 

»>% 

<■<  % 

«;« 

totfil  vov  co:t: 

Ct-^l  1*. 

i  rr::n. 

I-X*.  C-C;. 

4c  Ci  i’"  '. 

*  3  *c  $  4 

LOhDIKo  ;  IJMMMP'. 

■  I.IMP1EF  Iii.it 
PE'.TPICTIOH  DUE  TO: 

LOMt'  FOFT  C'FMFT 
LOHliEt'  ['in 

le::  mhtef  :■  :tdfe: 
le::  fi.it (i  e f  : 
le::  fe.epve  eum  ef 
CmFGC  E".i  t 


f  HL  .  VO'.  LOhI-  FDPT  LOftf  M  :  I.  H  FT  TDThL 

lE'.J  0.  1  S,  0  0.  £*•.  ■ 

0.  c .  0  O,  c .  i  4,ii 

0.  0.  0.  0,  0. 

ic'.j  E. o  lj.o  c.o  i*. : 


HOPE 
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trncst 


18:  08EDT 


ii  >: 


84  88 


MARINE  MANAGEMENT  SYS  TEMS  -  TRANSPORTATION  >:  0 :  T  PROG 
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TOTAL  COST  3  =  28833843. 

TRANS  COST  3-  T  *  1508.43 


NOPE*  T'SUM 
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.  m 
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2  .  0 
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TOTAL  VOY  COSTS  887188. 
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OPERATIONAL  REALITY 
VS 

ENGINEERING  DESIGN  STANDARDS 
IN  THE  ECONOMIC  EVALUATION  OF 
HARBOR  AND  CHANNEL  DEEPENING 


A  TOPIC  FOR  PRESENTATION 
AND  DISCUSSION  AT  THE  CORPS  OF  ENGINEERS 
ECONOMIC  AND  SOCIAL  ANALYSIS  WORKSHOP 
ST.  LOUIS,  MISSOURI 
25-29  October  1982 


William  T.  Hunt,  Regional  Economist 
Robert  H.  Bartel,  Regional  Economist 


Pacific  Ocean  Division 
Corps  of  Engineers 
October  1982 


This  topic  is  a  current  issue  in  the  on-going  BERH 
review  of  a  harbor  deepening  project  planning  study  in  the 
Pacific  Ocean  Division.  It  has  many  aspects,  and  is  an 
example  of  a  general  problem  encountered  in  other  areas  of 
the  economics  of  water  resources  planning  and  development. 
Essentially,  the  topic  can  be  reduced  for  discussion 
purposes  to  the  question,  "How  do  we  reconcile  the 
difference  between  engineering  design  criteria  specifying  6  ' 
below  the  keel  for  harbor  depth  requirements,  and  the 
operational  reality  in  which  ships  using  the  harbor 
routinely  use  only  2.  5'  below  the  keel''"  this  difference 
must  somehow  be  incorporated  into  the  benefit  —  cost 
calculation  framework,  or  we  can  wind  up  either  missing 
something,  double  counting,  or  being  internally  inconsistent 
in  the  analysis  —  that  is,  "comparing  apples  with  oranges.  " 
Let's  start  with  the  6'  under  the  keel  criterion. 
Presumably  this  represents  a  relatively  risk  free  situation. 
That  is,  if  this  rule  is  followed  there  is  practically  no 
chance  that  damage  will  result  from  "not  enough  water  under 
the  keel.  "  But  the  shippers  are  willing  to  pay  (or  willing 
to  take  some  of  this  risk)  in  exchange  for  the  economies  of 
scale  gained  by  loading  the  ships  to  a  greater  draft.  To  a 
rational  shipper,  the  gains  (transportation  cost  savings) 
are  at  least  as  great  as  the  risk  (or  probabilistically 
expected  value  of  damages)  involved. 


The  rate  structure  and  economic  analysis  involved  is 
probably  somewhat  complex  if  we  tried  to  account  for  all  of 
the  factors  involved  but  the  key  relevant  principle  is  that 
the  shippers  are  taking  a  risk  and  are  willing  to  pay  for  it 
since  they  are  receiving  benefits  to  compensate  for  this 
risk.  Consider  the  following  hypothetical  data 


Existing  channel/harbor  depth  =  35' 

"Safe  draft  (re  engineering  criteria  =  35'-6 
Actual  draft  (usual  practice)  =  32.  5' 


-  27  ' 


Dr  aft 

29  0  ' 
32  5  ' 
34  0  ' 
37  5  ' 


Average  Cost  Per  Ton 

$16.  00 
$15.  50 
$14.  00 
$13.  00 


W  l  t  h 


proposed  harbor  deepenino 


a  c  c  ommo  d ate 


vessels  which  will  operate  at  34',  there  are  a  number  of 
approaches  to  conceptually  calculate  the  benefits  involved; 


Approach  1;  This  approach  has  been  supported  by  EERH  staff 
in  reviewing  a  harbor  deepening  analysis  in  POD.  Benefits 
are  costs  without  the  project  (using  "actual  draft"  costs), 
less  costs  with  the  project  (project  required  is  40'.  or  24' 
+  6'  under  the  keel  safety  requirement),  or  $15.  50  per  ton 
less  $14.00  per  ton.  or  $1.50  per  ton.  But  this  does  not 
reflect  a  true  comparison  of  wi t h o u t-pr o j e c t  and 
with-project  conditions  It  compares  "apples  with  oranges" 
and  incorporates  internally  inconsistent  logic. 

Approach  2:  Change  the  engineering  criteria  and  recommend  a 
harbor  with  a  36.  5'  draft.  Use  32.  5'  draft  costs  vs  34' 
draft  costs,  for  a  benefit  of  $1.  50  per  ton,  to  be  compared 
with  a  less  expensive  project  than  approach  1  requires. 

Approach  3;  Use  actual  wi th out-pro j ec t  vs  with-project  cost 
data,  but  incorporate  an  estimate  of  the  risk  cost  component 
incurred  by  the  shipper.  In  the  attached  graph,  Curve  1 
represents  the  marginal  revenue,  expressed  as  $  per  ton  per 
incremental  foot  of  draft  (averaged  out  over  the  long  term), 
associated  with  damages  incurred  as  a  result  of  exceeding 
the  risk  free  draft.  With  rational  shippers  operating  at 
32.  5',  this  can  be  viewed  as  the  point  such  that  gains  from 
additional  draft  are  more  than  offset  by  expected  damage. 
In  other  words  this  is  the  operational  point  at  which 
marginal  cost  =  marginal  revenue.  all  other  things  being 
equal.  The  risk  cost  component,  on  a  per  ton  basis,  can  be 
calculated  as  the  area  under  Curve  2  up  to  32.  5'  of  draft. 
For  the  one  marginal  cost  curve  drawn  on  the  graph,  this 
amounts  to  about  $.74  per  ton.  Using  this  figure  as  a  risk 
component  of  total  transp or ta t i on  cost,  and  adding  it  to  the 
cost  per  ton  without  the  project  of  $15.  50  (using  the  actual 
draft  of  32.  5')  yields  a  total  effective  without  project 
cost  of  $15.  50  +  $.  74  =  $16.  24  per  ton.  The  benefit  using 
this  approach  becomes  $16.24  less  the  cost  per  ton  with  the 
project 


These  are  just  three  possible  ways  to  deal  with  the 
issue  addressed  here  The  above  ideas  are  presented  with 
the  hope  that  they  will  further  stimulate  thought  and 
’  n  sight  into  dealing  with  this  and  other  similar'  problems 
encountered  in  the  economics  of  water  resources  planning 
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EVALUATION' 

0  F 

AGRICULTURAL  FLOOD  CONTROL 

PROJECTS 


ECONOMIC  AND  SOCIAL 
ANALYSIS  WORKSHOP 

ST.  LOUIS,  MO 
25-29  OCTOBER  1982 


■  li'sse  K.  McDonald 
Ri'K  i  on  a  1  Economist 
Lower  Mississippi  Valley  Division 


THE 


EVALUATION 
0  F 

AGRICULTURAL  FLOOD  CONTROL  PROJECTS 


1.  INTRODUCTION 

A.  Accurate  economic  evaluation  of  the  effects  of  flooding  of  agricultural 
areas  is  essential  in  determining  the  feasibility  of  agricultural  flood 
control  projects.  This  paper  attempts  to  identify  the  major  steps  in  this 
evaluation  procedure  and  discuss  state-of-the-art  methodologies  that  may  be 
employed  in  the  analysis. 

B.  The  "'"ocedures  that  are  discussed  herein  relate  to  the  guidance  provided 
by  the  Principles  and  Standards  NED  Evaluation  Manual.  In  the  last  section 
of  this  paper,  a  discussion  of  the  proposed  Principles  and  Guidelines  and  how 
they  differ  from  the  P&S  is  presented. 

II.  Three  economic  problems  associated  with  water  and  the  use  of  land  and  water 
resources  in  agricultural  production  are: 

A.  Cost  of  damage  to  crops  and  pasture. 

1.  Loss  of  net  returns  from  reduced  yields  because  of  flooding. 

2.  Loss  of  production  inputs  because  of  flooding. 

B.  Variation  of  associated  cost. 

1.  Future  conditions  w/o  project  may  result  in  poor  soil  drainage  con¬ 
ditions  that  may  require  more  cultivation  and  more  horsepower. 

2.  Require  continuation  of  costly  drainage  systems. 

3.  High  maintenance  and  replacement  costs  for  drainage  or  flood  control 
systems . 

C.  Impaired  productivity  or  use  of  the  land  resource.  Restrict  cropping 
patterns  to  crops  tolerant  of  flood  and/or  wet  soil  conditions. 

III.  NED  BENEFIT 

Measured  as  increased  value  of  output  to  the  nation  or  reduced  cost  of  main¬ 
taining  a  given  level  of  output. 

Reduced  production  and  associated  costs. 

Reduced  damage  costs  from  floods. 

Value  of  increased  crop  production. 

Economic  efficiency  of  crop  production  (locational  advantage). 


133 


IV.  COLLECTING  BASIC  DATA  AND  DETERMINING  FUTURE  CONDITIONS. 


A.  Identify  current  land  use,  cropping  patterns,  and  yieLds. 

1.  These  data  are  flood-free,  i.e.,  conditions  in  the  flood  plain  in 
years  in  which  no  damaging  floods  occur.  These  yields  will  reflect  other 
factors  that  may  affect  production  such  as  drought,  soil  fertility,  pro¬ 
duction  practices,  and  the  threat  of  flooding. 

2.  Data  will  be  stratified,  i.e.,  developed  for  segments  of  the  flood 
plain  with  significantly  different  cropping  patterns,  hydrologic  conditions, 
etc . 


B.  Project  future  land  use,  cropping  patterns,  and  yields. 

1.  With  and  without  project 

2.  Flood-free 

3.  Stratified 

Future  cropping  patterns  and  yields  will  be  consistent  with  soil  capabili¬ 
ties  and  with  water  management  and  production  practices  accounted  for  in 
the  production  cost  analysis. 

Increases  in  yields  due  to  future  improvements  in  technology  shall  not  be 
included  in  the  evaluation  of  intensification  benefits,  but  may  be  included 
in  damage  analysis. 

C.  How  do  we  collect  these  base  data  and  determine  future  conditions? 

1.  Interviews  with  farmers  and  other  watershed  residents  are  very 
important.  Interviews  should  not  be  confined  to  flood  plain  farmers. 

Data  collected  outside  the  flood  plain  can  serve  as  a  basis  for  estab¬ 
lishing  with  project  conditions. 

2.  Agronomists  and  soil  scientists  can  provide  data  on  the  capability 
of  the  various  soil  types,  and  the  effects  on  production  of  various  water 
management  alternatives. 

3.  Most  universities  as  well  as  USDA  have  developed  typical  enter¬ 
prise  budgets  that  can  be  modified  to  reflect  conditions  in  the  area 
being  studied. 

4.  In  conducting  these  interviews  and  collecting  these  data,  only 
forms  approved  by  OMB  shall  be  used,  and  each  individual  survey  shall  be 
a  part  of  the  supporting  data.  To  my  knowledge,  the  Corps  has  not 
developed  any  agricultural  survey  forms  that  have  been  approved.  However, 
SCS  has  two  OMB-approved  forms  that  we  have  been  using  as  our  basis  for 
form  approval  in  LMVD. 
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REMARKS. 


iewed,  the  location  of  the  farm  or  ranch  and  the  name  of  the  watershed  under  study. 


SCS-WS-6 

6-72 

FILE  CODE  WS-14 


FORM  APPROVED 
OMB  NO.  40-R3804 
I'.S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 


Respondent 


Years  on  Farm 


Watershed 


DRAINAGE  QUESTIONNAIRE 


Farm  Location 


Size  of  Farm 


Interviewer 


Problem  Area  Land  Use 


2.  How  often  are  you  unable  to  plant  a  crop  due  to  lack  of  adequate  drainage? 


3.  How  often  do  you  need  to  make  a  separate  planting  due  to  lack  of  adequate  drainage? 


4.  How  often  are  you  unable  to  harvest  a  crop  due  to  lack  of  adequate  drainage 


c^OP  PRICES  AND  PRODUCTION  COSTS 


A.  Crop  prices. 

1.  The  NED  manual  states  that  prices  issued  by  the  WRC  (Current 
Normalized  Prices)  will  be  used  to  evaluate  NED  agricultural  benefits. 
Adjustments  may  be  made  to  reflect  quality  changes  caused  by  floods  or 
droughts.  For  other  crops  (CNP's  not  published),  state  average  prices 
over  the  three  previous  years  will  be  used. 

2.  a.  Historically,  there  have  been  some  problems  with  the  use  of 
these  CNP's.  First,  the  latest  prices  used  in  five-year  weighted  average 
are  more  than  a  year  old  when  they  are  used  in  an  analysis.  Also,  the 
prices  used  in  the  five-year  average  are  not  in  constant  dollars.  The 
use  of  a  CNP  based  on  a  weighted  average  of  the  season  average  price  (in 
historical  dollars)  for  a  five-year  period  in  a  crop  budget  with  produc¬ 
tion  costs  based  on  current  market  analysis  does  not  meet  the  criteria  of 
all  economic  analyses  being  based  on  current  real  prices. 

b.  These  problems  have  been  recognized  for  several  years  and 
correspondence  between  OCE  and  LMVD  concerning  this  problem  has  been 
ongoing  since  February  1980.  In  July  1980,  OCE  met  with  USDA  to  discuss 
the  problems  with  the  CNP's.  USDA  agreed  that  these  problems  should  be 
addressed  and  solutions  sought. 

c.  In  June  1981,  LMVD  developed  a  methodology  for  revising  CNP's 
to  make  them  compatible  with  other  price  levels  being  used  in  project 
analysis.  Current  normalized  prices  were  calculated  using  current  (constant 
dollars)  while  continuing  to  correct  for  the  effects  of  short-term  abnormali¬ 
ties  by  the  use  of  a  normalizing  procedure.  This  was  accomplished  by  putting 
the  actual  season  average  prices  over  the  five-year  period  in  current  dollars 
using  the  implicit  price  deflator  for  total  GNP.  Revised  Current  Normalized 
Prices  (in  current  dollars)  were  calculated  as  weighted  averages  of  the 
average  season  prices  (in  current  dollars)  over  the  five-year  period. 

d.  In  July  1981,  LMVD  recommended  that  each  of  our  Districts  use  the 
methodology  discussed  above  to  revise  CNP's  for  respective  states  and  to  use 
these  revised  CNP's  in  the  evaluation  of  all  agricultural  studies  and  in 

FY  84  budget  submissions. 

e.  Recently  received  explanation  of  the  computational  procedures 
used  by  USDA  to  compute  CNP's  for  FY  83  indicate  that  the  procedure  described 
above  has  been  adopted  by  USDA.  Explanation  of  this  procedure  reads  in  part: 

(1)  The  season  average  prices  for  the  base  period  (1977-81)  are 
deflated  by  the  implicit  price  deflator  for  the  Gross  National  Product  (GNP) 
into  constant  (1967)  dollars.  Other  deflators  (such  as  the  Index  of  Prices 
Received  by  Farmers)  were  deemed  unsuitable  because  they  confound  infla¬ 
tionary  adj ustments  with  short-term  changes  in  prices  due  to  market  forces. 

The  weights . are  used  to  derive  a  weighted  average  of  the 

1977-81  "real"  price,  i.e.,  a  normalized  price  expressed  in  1967  dollars. 

(2)  The  weighted  average  "real"  price  is  then  multiplied  by  the 
implicit  price  deflator  for  the  second  quarter  of  1982  in  order  to  express 
the  planning  price  in  "current"  1982  values. 


f.  Examination  of  the  table  which  shows  the  five-year  season 
average  prices  and  the  CNP's  indicates  that  the  season  average  prices 
were  converted  to  1982  dollars  before  they  were  averaged,  rather  than 
as  described  above.  Regardless  of  which  procedure  is  used,  the  results 
will  be  the  same. 

g.  Current  normalized  prices  to  be  used  in  FY  83  will  be  expressed 
in  terms  of  the  general  price  level  in  the  economy  as  of  the  end  of  the 
Second  Quarter  of  1982. 

B.  Production  costs. 

1.  Production  costs  should  be  analyzed  and  crop  budgets  prepared.  All 
costs  will  be  included: 

a.  Costs  of  equipment  ownership  and  operation; 

b.  Production  materials; 

c.  Labor  and  management; 

d.  System  Operation,  Maintenance,  and  Replacement  (OM&R) ;  and 

e.  Interest  payments. 

2.  The  quantification  of  production  costs  follow: 

a.  Purchased  inputs  will  be  valued  at  current  marked  priced  (i.e., 
for  FY  83  should  be  based  on  general  price  level  as  of  end  of  Second  Quarter 
1982  to  be  compatible  with  CNP's). 

b.  Labor  (operator,  family,  or  hired)  costs  will  be  based  on  the 
prevailing  farm  labor  rates. 

c.  Management  will  be  valued  at  10  percent  of  the  variable  produc¬ 
tion  cost  (excluding  the  cost  of  land  and  capital  improvements) . 

d.  Interest  on  operating  capital  shall  be  calculated  at  project 
discount  rate. 


VI.  INUNDATION  REDUCTION  -  AGRICULTURAL  CROPS 
A.  Damage  Function/Calculations 

1.  The  NED  Manual  states  that  one  will  develop  periodic  flood  damage 
factors  for  the  intervals  that  match  the  hydrologic  data.  It  further  states 
that  historical  flood  damage  information  should  be  gathered  through  inter¬ 
views  with  flood  plain  farmers  and  damage  factors  developed  from  these  data. 

If  unsufficient  data  are  available  in  a  given  project  area  to  develop  adequate 
damage  factors,  proxy  values  may  be  generated  by  using  crop  budgeting. 
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Techniques.  Since  sufficient  historical  data  are  not  usually  available, 
the  remainder  of  this  discussion  will  deal  with  synthesizing  damages  to 
agricultural  crops  using  budgeting  techniques  and  hydrologic  period-of- 
record  data. 

2.  Calculate  flood  damages  for  each  crop  based  on  the  without  project 
crop  distributions,  yields,  and  budgets  and  the  characteristics  of  flood¬ 
ing  over  a  historical  period-of-record.  A  composite  acre  (a  mix  of  various 
crops  within  a  given  flood  plain  reach  expressed  in  percentages)  may  be 
used  in  determining  flood  damages  to  crops;  if  this  approach  is  used,  the 
flood  plain  should  be  stratified  for  zones  having  a  significantly  different 
mix  of  crops,  yields,  production  practices,  etc.  Cropping  patterns,  yields, 
etc.,  must  reflect  conditions  in  the  flood  plain  in  years  in  which  no  flood 
occurs . 

3.  One  computer  model  available  for  crop  damage  analysis  will  be  pre¬ 
sented  later  in  this  discussion.  The  output  of  this  model  (Computerized 
Agricultural  Crop  Flood  Damage  Assessment  System  ...  CACFDAS)  includes 
damages  by  crop  for  all  floods  in  the  period-of-record  and  the  total  crop 
damages  per  peak  acre  flooded. 

4.  The  next  step  in  damage  calculations  is  to  determine  average  annual 
damages . 

a.  Determine  average  annual  cleared  acres  flooded  through  integra¬ 
tion  of  elevation-area  flooded  and  elevation-frequency  curves  a.;d  computation 
of  the  area  under  the  resulting  area  f looded-f requency  curve.  Partial  dura¬ 
tion-frequency  curves  should  be  used  in  this  step  of  the  analysis.  Partial 
duration-frequency  curves  are  based  on  all  events  above  a  selected  base 
value  (i.e.,  elevation  at  which  flooding  of  cleared  land  begins)  whereas 
annual  frequency  curves  are  based  on  the  largest  flood  each  year.  Since  in 
agricultural  crop  damage  evaluation,  seasonality  is  critical  and  recurrent 
flooding  must  be  accounted  for  in  the  analysis,  partial  duration-frequency 
curves  must  be  used. 

b.  Determine  average  annual  damages  by  multiplying  average  annual 
acres  flooded  times  crop  damage  per  peak  acre  flooded.  Average  annual 
damages  may  also  be  determined  by  dividing  total  crop  damages  from  all 
floods  during  the  Historical  period-of-record  by  the  number  of  years  of 
record.  The  longer  the  pericd-of-record,  the  closer  the  results  of  these 
two  methods  should  be. 

B.  Essential  Information  for  Crop  Damage  Determination 

1.  Cropping  patterns,  yields,  and  budgets.  As  discussed  earlier,  this 
information  must  be  based  on  years  in  which  there  were  no  floods  (i.e.,  flood- 
free)  and  must  be  stratified  for  reaches  of  flood  plain  where  there  is 
significant  difference. 

2.  Historical  Per iod-Of-Reeord  Hydrologic  Data.  Historical  period-of- 
record  hydrologic  data  are  required  to  determine  following  flood  characteristics 

a.  Time  of  Year.  Time  of  vear  (i.e.,  seasonality)  of  flooding  is 
critical  to  accurate  estimates  of  crop  damages.  For  instance,  a  flood  lasting 
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for  IS  days  in  January  would  cause  no  damage  to  soybeans,  whereas  a 
flood  in  August  of  the  same  duration  would  destroy  the  crop  on  those 
acres  flooded. 

b.  Duration  of  Flooding.  Duration  of  flooding  is  also  very 
important  to  crop  damage  estimates.  Unless  floodwaters  have  a  high 
velocity,  floods  of  short  duration  such  as  one  or  two  days  will 
probably  cause  very  little  damage. 

c.  Recurrent  Flooding.  Determination  of  whether  flooding  has 
occurred  previously  during  the  year  and  whether  or  not  it  was  a  damaging 
flood  is  also  critical  to  crop  damage  estimates.  For  instance,  a  flood 
occurring  in  September  on  soybean  land  would  cause  no  damage  if  a  flood 
in  August  had  already  destroyed  the  crop.  A  flood  occurring  in  July  on 
land  that  was  initially  in  corn,  but  had  been  replanted  in  soybeans 
because  of  a  previous  flood  in  May  x^ould  not  cause  the  same  amount  of 
damage  as  it  would  if  it  were  the  first  flood  of  the  year. 

d.  Elevation  of  Flood.  The  elevation  of  the  flood  determines 
how  many  acres  will  be  flooded  and  therefore  how  much  damage  is  incurred. 

3.  Frequency  Curves.  Frequency  curves  are  required  to  determine 
probability  of  flooding  and  average  annual  acres  flooded.  As  discussed 
earlier,  partial  duration-frequency  curves  should  be  used. 

4.  Stage-Area  Curves.  Stage-  or  elevation-area  curves  are  required 
to  determine  acres  of  cropland  flooded  for  given  elevations.  Stage- 
area  curves  are  integrated  with  stage-frequency  curves  to  obtain  area- 
frequency  curves.  The  area  under  this  integrated  curve  is  the  average 
(or  expected)  annual  acres  flooded. 

C.  Model  or  method  for  determining  damages. 

1.  One  model  that  is  available  for  determining  flood  damages  to 
agricultural  crops  and  is  being  used  in  the  four  Districts  in  LMVD  and 
by  several  Districts  outside  LMVD  is  the  Computerized  Agricultural  Crop 
Flood  Damage  Assessment  System  (CACFDAS) .  CACFDAS  utilizes  historical 
flood  data  on  daily  basis,  current  budget  data,  present  cropping  patterns 
and  production  techniques  including  crop  replanting  and  substitution,  as 
well  as  other  relevant  data  to  assess  damages  to  crops. 

3.  Outputs  from  CACFDAS  include  acres  flooded  over  the  historical 
period,  total  damage  by  crop,  and  damage  per  acre  flooded. 

3.  CACFDAS  is  a  very  flexible  tool  and  is  easily  adopted  to  changing 
conditions  In  various  areas  of  the  country. 


VII.  INUNDATION  REDUCTION  -  OTHER  AGRICULTURAL  PROPERTIES 

A.  The  term  "other  agricultural  properties"  includes  physical  flood  plain 
improvements  associated  with  various  farm  enterprises  and  the  agricultural 
community  such  as  rural  residential,  commercial,  and  industrial;  barns, 
equipment  sheds,  and  grain  bins;  fences.  <lra inage  ditches,  and  roads  and 
bridges;  equipment,  etc. 


14  2 


B.  Steps  in  determining  damage  to  other  agricultural  properties. 

1.  Inventory  Damageable  Flood  Plain  Improvements.  Identiiy  the 
location,  type,  number,  and  value  of  other  properties.  In  the  case  of 
properties  such  as  rural  residential,  commercial,  and  industrial,  the 
value  of  contents,  construction  type,  and  first  floor  elevation  should 
also  be  determined. 

2.  Determine  Damages  to  Flood  Plain  Improvements.  The  determination 
of  damages  to  flood  plain  improvements  will  be  based  on  historical  data 
and/or  simulation.  Some  methods  of  determining  this  are: 

a.  Interviews  with  flood  plain  residents,  farmers,  etc.; 

b.  Field  reconnaissance;  and 

c.  Simulation  based  on  structure  type,  elevation,  and  value; 
elevation  of  various  frequency  floods;  and  depth-damage  relationships. 

3.  Determine  Average  Annual  Damages.  This  is  accomplished  through 
integration  of  elevation-damage  relationships  with  elevation-frequency 
data. 

C.  Seasonal  occurrence  of  flooding  is  generally  not  considered  important 
and  adjustments  are  not  made  for  recurrent  flooding  in  a  given  year. 

Annual  frequency  curves  are  generally  sufficient  for  this  analysis. 

D.  Level  of  detail,  especially  in  the  inventory  phase,  may  vary  considera 
bly  depending  on  the  importance  (i.e.,  relative  magnitude)  of  the  benefit 
category  to  the  evaluation. 

INTENSIFICATION 

A.  Intensification  benefits  are  the  value  of  a  plan  to  activities  which 
are  thus  enabled  to  utilize  their  land  more  intensively  and  thus  increase 
net  income.  An  example  would  be  a  shift  from  lower  to  higher  value  crops 
(i.e.,  soybeans  to  rice)  and/or  higher  crop  yields.  Intensi f icaiton 
benefits  can  also  result  from  project-induced  reductions  in  production 
costs . 

B.  The  following  discussion  identifies  steps  to  be  followed  in  the 
reevaluation  of  intensification  benefits: 

1.  Determine  the  frequency  of  flooding  at  which  flood  risk  ceases  to 
influence  farmers'  decisions  on  type  crops,  production  practices,  etc. 

This  will  be  based  on  knowledge  of  the  study  area  ami  on  interviews  with 
farmers  and  other  agricul turea 1  experts.  The  elevation  of  this  flood 
frequency  will  be  used  as  one  zone  of  stratification. 


2.  Current  and  projected  flood-free  land  use  (cleared,  wooded,  other) 
and  cropping  patterns  will  be  identified  for  all  stratified  segments  of 
the  flood  plain  for  both  without  and  with  project  conditions  based  on  the 
same  sources  (i.e.,  interviews,  etc.)  as  discussed  above.  Flood  plain 
stratification  will  be  based  on  the  frequency  of  flooding  developed  above 
as  well  as  other  factors  which  would  cause  significantly  cropping  patterns, 
yields,  and/or  production  practices. 

3.  Current  and  projected  flood-free  yields  will  be  developed  for  the 
stratified  segments  of  the  flood  plain  for  both  with  and  without  project 
conditions.  Increases  in  yields  due  to  future  improvements  in  technology 
shall  not  be  included  in  the  evaluation  of  intensification  benefits. 

4.  Detailed,  crop  specific,  production  budgets  will  be  developed  for 
each  flood  plain  stratification  for  with  and  without  project  conditions. 

5.  Differences  in  net  income  without  and  with  project  will  be  determined 
for  each  stratified  segment  of  the  flood  plain  for  each  selected  time  period. 
Some  of  the  factors  causing  these  differences  in  net  income  may  be: 

a.  Farmers'  decisions  because  of  reduction  in  flood  risk. 

(1)  Changes  in  cropping  patterns  (i.e,,  shifting  from  lower  to 
higher  value  crops). 

(2)  Increased  production  inputs  (e.g.,  additional  fertilizer 
could  increase  yield  levels). 

(3)  (lore  effective  planning  and  timing  of  operations. 

(4)  Increased  land  leveling.  This  might  provide  better  drain¬ 
age  and  increase  yields.  It  might  reduce  production  costs  by  increasing 
efficiency  of  equipment. 

(5)  Construction  of  additional  drainage  works.  Reduced  flooding, 
improved  outlets,  etc.,  might  induce  farmer  to  construct  additional  onfarm 
drainage  which  would  Lead  to  increased  yields. 

(5)  Reduced  production  costs.  Production  costs  could  be  reduced 
by  increased  equipment  efficiency,  reduced  cultivation  requirements,  etc., 
because  of  project. 

b.  Yield  responses  without  changes  in  production  practices.  These 
increased  yields  might  be  realized  because  of  increased  efficiency  of  exist¬ 
ing  drainage  works  due  to  project  providing  a  better  outlet,  etc. 

6.  Benefits  will  be  the  difference  in  net  income  with  and  without  for 
current  acreage  of  all  crops  and/or  increased  acreage  of  basic  crops. 

Benefits  will  be  reduced  by  the  increase  in  remaining  damages  because  of  the 
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more  intensive  use.  The  ten  (10)  basic  crops  are:  rice,  corn,  wheat, 
cotton,  pasture,  hay,  soybeans,  milo.  oats,  and  barley. 

7.  Benefits  for  increased  acreage  of  other  crops  will  be  the 
efficiency  gained  in  the  project  area  compared  to  typical  lands  in  the 
h'RC  Assessment  Subarea  (ASA)  . 

a.  Identify  cropland  areas  in  which  increased  acreages  of  other 
crops  will  occur  due  to  project  measures.  The  proportion  of  these  crops 
in  the  project  areas  shall  not  exceed  their  proportion  in  the  protected 
areas  of  the  ASA.  The  NED  benefit  is  the  difference  between  the  cost  of 
producing  the  output  in  the  project  area,  and  the  cost  of  producing  the 
same  output  on  the  protected  areas  elsewhere  in  the  ASA. 

(1)  Identify  the  characteristics  such  as  length  of  growing 
season,  quantity  and  quality  of  water  available,  soil  fertility,  etc.,  that 
are  superior  to  those  in  other  areas  of  the  ASA  producing  the  crop  on  which 
benefits  are  being  claimed. 

(2)  Determine  the  projected  increased  acreage  and  production  of 
the  crop  in  the  project  area. 

(3)  Determine  the  cost  of  producing  the  crop  in  the  project  area. 

(4)  Identify,  within  the  same  ASA  as  the  project,  an  area  in 
which  significant  acreage  of  the  crop  is  currently  being  grown  and  whose 
yield  represents  the  average  in  the  ASA. 

(5)  Determine  the  cost  of  producing  the  same  volume  of  the 
crop  in  the  area  selected  in  the  above  paragraph  (protected  area  of  ASA). 

(6)  Determine  the  net  income  in  the  area  selected  above 
(protected  area  of  ASA)  if  the  cropping  pattern  shifted  to  some  composite 
of  the  ten  basic  crops. 

(7)  Calculate  the  benefits  as  the  difference  in  producing  the 
crop  in  the  project  area  versus  the  selected  area  in  the  ASA  plus  the 
difference  in  net  income  in  the  selected  area  of  the  ASA  with  the  composite 
of  the  ten  basic  crops  and  in  the  project  area  without  the  project. 

b.  Benefits  must  be  adjusted  by  remaining  flood  damages. 

IX.  PROPOSED  P tC,  REVISION'S  TO  NED  MANUAL  -  AGRICULTURAL  FLOOD  CONTROL 

A.  The  procedures  presented  in  the  preceding  discussion  are  in  accordance 
with  the  Principles,  Standards,  and  Procedures.  On  9  September  1982,  V.'RC 
met  and  agreed  to  repeal  the  Principles,  Standards,  and  Procedures  and 
replace  them  with  the  Principles  and  Guidelines  (PEG).  Upon  approval  of 
the  PNG  by  the  President,  a  notice  of  action  will  he  placed  in  the  Federal 
Register.  Repeal  will  he  effective  120  days  after  the  notice  is  published. 

B.  The  PNG  has  made  some  significant  changes  in  NED  evaluation  of  agri¬ 
cultural  projects.  The  Pf.G  is  relatively  vague  in  procedures  to  he  followed 
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and  field  offices  have  not  had  time  to  tailor  current  methods  and/or 
develop  new  ones  that  are  compatible  with  the  P&G. 

C.  Some  of  the  changes  in  procedures  for  evaluation  of  agricultural 
projects  include: 

1.  Provision  of  a  test  to  determine  if  another  crop  may  be 
evaluated  as  one  of  the  basic  crops.  Basically,  if  a  determination 

is  made  that  the  production  of  other  crops  (other  than  10  basic  crops) 
is  limited  by  the  availability  of  suitable  land,  these  crops  may  be 
treated  as  basic  crops  when  measuring  intensification  benefits. 

2.  Change  in  the  definitions  of  the  benefit  categories.  The  P&G 
states  that  agricultural  benefits  are  divided  into  two  mutually  exclu¬ 
sive  categories,  depending  on  whether  there  is  a  change  in  cropping 
pattern. 


(a)  Damage  reduction  benefits.  Benefits  that  accrue  on  lands 
where  there  is  no  change  in  cropping  pattern  between  the  with  and  with¬ 
out  project  conditions. 

(h)  Intensification  benefits.  Benefits  that  accrue  on  lands 
where  there  is  a  change  in  cropping  patterns. 

3.  Consistent  treatment  of  benefits  from  technological  changes 
by  allowing  them  to  be  counted  in  all  appropriate  cases.  P&G  states 
that  increases  in  yields  due  to  future  improvements  in  technology  may 
be  included  for  both  benefit  categories  when  realization  of  these 
yield  increases  are  dependent  upon  installation  of  the  project. 

4.  Changes  the  basis  of  management  costs  in ' production  cost.  P&G 
states  that  management  cost  will  be  estimated  on  the  basis  of  type  of 
farming  operation.  Normally,  at  least  six  percent  of  variable  production 
cost.  P&S  said  10  percent. 

5.  Provision  of  an  alternate  procedure  based  on  changes  in  market 
value  of  land  for  use  in  estimating  intensification  benefits. 

D.  Problems  with  agriculture  evaluation  as  described  in  P&G. 

1.  In  many  instances,  P&G  is  very  vague.  For  instance,  the  Corps 
has  always  used  flood-free  concept  when  dealing  with  yields,  cropping 
patterns,  etc.  This  allowed  for  the  separation  of  flood  damage 
reduction  benefits  and  intensification  benefits  without  double-counting. 

2.  If  we  do  not  use  the  flood-free  concept,  but  go  to  average  yields, 
etc.,  the  information  possibly  could  be  biased  by  recent  weather  cycles 
(i.e.,  a  dry  cycle,  no  flooding,  or  a  wet  cycle  more  than  normal  flooding). 

3.  The  mutually  exclusive  definitions  seem  to  be  very  misleading. 
Intensification  often  occurs  on  lands  where  no  cropping  pattern  change 
are  present.  The  farmer  intensifies  his  operation  and  increases  yields 
because  of  the  project  without  changing  cropping  patterns.  On  the  other 
hand,  there  are  damage  reduction  benefits  on  lands  where  cropping  patterns 
change  because  of  the  project. 

14  6 


4.  Efficiency  benefits  are  defined  as  the  difference  between  the 
cost  of  producing  the  other  crops  in  the  project  area  and  the  cost  of 
producing  them  on  other  lands  in  the  ASA  plus  the  net  income  that 
would  accrue  from  production  of  an  appropriate  mix  of  basic  crops  on 
those  other  lands.  This  seems  to  be  in  error;  the  latter  component 
of  the  benefit  should  be  the  difference  in  the  net  income  that  would 
accrue  from  production  of  an  appropriate  mix  of  basic  crops  on  those 
other  lands  and  the  net  income  in  the  project  area  without  the  projt'ct 
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COMPUTERIZED  AGRICULTURAL  CROP 
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1.  Vicksburg  District's  major  objective  in  designing  this  program  was  to 
develop  a  computerized  procedure  to  quantify  agricultural  crop  flood  losses. 

2.  The  CACFDAS  utilizes  initial  crop  distributions,  computerized  crop  budget 
data,  subsitution  of  alternative  crops,  damage  duration  data,  and  daily  his¬ 
toric  hydrologic  data  to  compute  flood  or  inundation  damage  estimates  to 

crop.  The  program  utiilzes  historic  gauge  readings  from  the  time  of  gauge 

\ 

installation  to  the  present.  Analysis  of  these  data  results  in  output  of 
estimated  damages  based  on  current  technology,  yields,  and  price  levels. 

3.  The  program  utilizes  daily  flood  events  in  computing  flood  damages  for 
each  individual  crop.  This  gives  the  program  sensitivity  in  dealing  with 
different  dryout  periods  for  lands  at  different  elevations  within  a  flooded 
area.  The  program  will  handle  multiple  floods  in  any  year,  and  allows  for 
specific  crop  replanting  and/or  crop  substitution. 

4.  There  are  three  major  factors  affecting  crop  losses.  These  are  time  of 
year  that  flooding  occurs,  flood  depth,  and  length  of  time  that  a  particular 
crop  is  actually  flooded. 

5.  In  order  to  determine  the  effects  of  crop  flooding  at  different  stages  of 
plant  development,  the  growth  cycle  was  divided  into  four  stages.  Stage  I  is 
from  planting  to  germination.  Stage  II  is  from  emerging  plant  to  the  five- 
leaf  stage.  Stage  III  is  from  five-leaf  to  blooming,  and  Stage  IV  is  from 
blooming  through  harvest.  The  following  table  shows  the  duration  in  days  that 
causes  damage  for  different  crops  at  the  four  stages  of  development. 
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FLOOD  DURATION  IN  DAYS  THAT  RESULTS  IN  LOSS 


Crop 


Damage  by  Stage  of  Plant  Development 
I  :  II  :  III  :  IV 


Cotton  222  2 

Soybeans  3  2  4  4 

Wheat  422  2 

Corn  3  4  5  7 

Grain  Sorghum  345  6 


6.  Crop  losses  are  expressed  in  three  ways.  The  first  is  increased  produc¬ 
tion  costs  that  arise  from  replanting  crops  or  repeating  field  operations 
after  a  flood  event.  The  second  is  crop  yield  reductions.  Research  has  shown 
that  planting  dates  have  a  significant  impact  on  yield  levels.  For  example, 
research  at  Mississippi  State  University  has  shown  that  the  optimum  planting 
dates  for  cotton  are  from  about  30  April  through  about  15  May.  Plantings 
after  15  May  will  result  in  significant  yield  reductions  in  a  "normal"  year. 
The  same  relationship  of  yields  to  planting  dates  is  true  for  all  other 
crops.  The  third  way  in  which  crop  losses  are  expressed  is  reduced  net 
returns.  Reduced  net  returns  result  from  a  combination  of  increased  produc¬ 
tion  costs  and  decreased  yields. 

7.  As  with  any  simulation  model,  some  assumptions  must  be  made.  For  the 
CACFDAS  these  assumptions  are  (1)  the  availability  of  up-to-date  crop  budgets 
that  include  all  costs  of  production,  (2)  crop  distributions  and  yields  for 
each  crop  are  known.  With  this  yield  and  crop  distribution  data,  current 
prices  can  be  applied  to  determine  gross  revenues.  Revenues  from  crops  .ire 
assumed  to  be  the  only  source  of  income.  Net  returns  are  then  calculated  as 
the  difference  in  gross  revenues  and  total  production  costs. 


8.  The  following  table  illustrates  a  budget  for  soybeans  typical  manage¬ 


ment.  The  budget  contains  sequential  field  operations  and  the  associated  cost 
of  each  operation.  Also  shown  are  expected  yield,  product  price,  and  gross 

and  net  revenues. 


ESTIMATED  COST  AND  NET  RETURNS  PER  ACRE 
(Soybeans,  Typical  Management  Practices) 


Item 

:  Unit  : 

Price 

:  Quantity  : 

Amount 

($) 

Income 

Soybeans 

bu 

6.19 

25.00 

154.75 

Total  Income 

154.75 

Direct  Expenses 

Common  Labor 

ltr 

2.65 

0.14 

0.37 

Operator  Labor 

ltr 

2.65 

1.69 

4.48 

Special  Labor 

ltr 

2.65 

0.23 

0.61 

Tref lan 

lb 

5.85 

1.00 

5.85 

Seed 

lb 

0.17 

66.00 

11.22 

Dyanap 

pt 

0.90 

4.00 

3.60 

Apply  Herbicide-Air 

ac 

1.65 

1.00 

1 .65 

Dinitro 

lb 

2.28 

0.60 

1.37 

Haul 

bu 

0.03 

25.00 

0.85 

Special  Equipment 

ac 

4.00 

1.00 

4.00 

Equipment 

ac 

3.34 

1.00 

3.34 

Tractor 

ac 

6.47 

1.00 

6.47 

Interest  on  Capital 

ac 

1.78 

1.00 

1.78 

Total  Direct  Expenses 

45.59 

Net  Returns 

Above  Direct  Expenses 

109.2b 

Fixed  Expenses 

Special  Equipment 

6.19 

1.00 

6.19 

Equipment 

6 .5° 

1.00 

6.50 

Tractor 

8.82 

1.00 

8.82 

Total  Fixed  Expenses 

21.51 

Total  Specified  Expenses 

6  7.10 

Net  Returns 

Above  Specified  Expenses 

8  7.65 

9.  The  following  illustrates  the  format  used  to  input  budget  data  and  other 
specific  crop  data  such  as  calendar  date  and  Julian  date  for  each  field  opera 
tion,  expected  gross  revenue  by  harvest  period,  and  duration  in  days  that 
cause  crop  damage.  The  example  used  is  for  soybeans  typical  management. 


FLOOD  DAMAGE  TABLE 
SOYBEANS  TYPICAL  MANAGEMENT 
Expected  Net  Returns:  $  87.65 
Gross  Returns:  $154.75 
Production  Cost:  $  67.10 


Operation 


Duration 
Resulting  in 
Flood  Damage 


ay 
0 
0 


1U.  In  addition  to  the  budget  data  discussed  in  the  preceding  paragraphs, 
data  on  the  initial  crop  distribution,  alternative  crops,  planting  dates  for 
initial  crops  and  replant  crops,  dryout  periods,  and  the  flood  history  must  be 
input  to  the  program.  The  initial  crop  distribution  is  that  set  of  crops  that 
are  assumed  to  be  in  place  during  the  first  flood  of  the  flood  year.  Alterna¬ 
tive  crop  data  provide  information  that  allows  the  program  to  replant  the  ini¬ 
tial  crop  or  substitute  another  crop  when  flooding  has  destroyed  an  initial 
crop,  or  flooding  conditions  extend  past  the  normal  or  usual  planting  date  for 
the  initial  crop.  Planting  dates  for  initial  crops  are  the  assumed  normal 
planting  dates  and  usually  coincide  with  the  optimum  planting  date  for  each 
crop.  Last  date  for  crop  replant  sets  the  time  limit  on  replanting  crops, 
because  a  crop  planted  after  this  date  is  assumed  to  have  insufficient  time  to 
reach  maturity  in  a  normal  growing  season.  The  dryout  period  consists  of  the 
number  of  days  necessary  for  the  soil  to  dry  sufficiently  to  allow  field 
operations.  The  flood  history  consists  of  daily  gauge  readings  that  show 
stages  and  acres  inundated  on  that  date. 

11.  The  following  paragraphs  contain  an  example  of  one  flood  event  on  a  given 
area.  The  area  is  assumed  to  have  an  initial  crop  distribution  of  45  percent 
cotton,  and  45  percent  soybeans.  This  initial  crop  is  usually  determined  by 
field  surveys  or  other  methods.  Gross  revenue  and  net  revenue  for  cotton  are 
$444.44  and  $147.10,  respectively.  Gross  and  net  revenues  for  soybeans  are 
$154.75  and  $87.65,  respectively. 

12.  Figure  l  below  shows  the  starting  and  ending  date  for  this  flood  and  the 
acres  inundated  on  each  day  during  the  flood.  This  illustration  also  shows 
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13.  The  purpose  of  banding  is  to  account  for  different  cry  out  periods  associ 
ated  with  different  elevations  within  a  flooded  area. 


Id.  An  analysis  of  Band  1  indicates  that  a  tcml  of  15 w  acres  was  :  loaded  :  a 
5  days.  Based  or.  the  assumed  initial  crop  distribution,  this  teans  mat 
67.5  acres  each  of  cotton  and  soybeans  were  flooaed.  Operation  damages  for 
cotton  were  $6,561 .00  (67.5  x  $57.21).  The  $57.21  value  is  the  total  o: 
operational  expenses  for  cotton  through  planting  and  comes  from  a  budget  for 
cotton  typical  management  (snowr.  r>elow;  .  Also ,  note  that  t  he  critical  dura¬ 
tion  for  cotter,  typical  management  or.  cav  ,  .  is  .  .  Not  re  vt.u'jt-  carnages  1  or 
cotton  were  $5,929.95  (67  .5  x  $157.10).  The  value  $  1  .  1  .  is  thi  net  revenue 


for  cotton. 


FLOOD  DAMAGE  TABLE 
COTTON  TYPICAL  MANAGEMENT 
Expected  Net  Return:  $147.10 
Gross  Returns:  $444.44 
Production  Costs:  $297.34 


Operation 

Date 

Day 

Number 

Operat ion 
Cost 

Operation 

Revenue 

Durat ion 
Resulting  in 
Flood  Damage 

($) 

($) 

(days) 

Fixed  Harvest  Costs 

Picker 

1 

Jan 

1 

39.17 

0 

Stalk  Shredder 
Chisel  Plow 

2 

Jan 

2 

3.88 

0 

(twice) 

1 

Mar 

60 

6.28 

0 

Disk  &  Incorporate 

13 

Mar 

72 

6.63 

0 

Disk  Harrow 

20 

Mar 

79 

2.77 

97.20 

0 

Field  Cultivate 

27 

Mar 

86 

1.91 

0 

Disk  Bed 

Disk  Bed 

1 

Apr 

91 

0 

&  Fertilizer 

5 

Apr 

95 

11.22 

0 

Row  Condition 

Plant  &  Pre 

10 

Apr 

100 

3.15 

0 

(inc.  trailer) 

25 

Apr 

115 

20.11 

1 

15.  Although  67.5  acres  of  soybeans  were  flooded,  no  damages  resulted  from 
this  flooding.  This  is  because  the  critical  duration  for  soybeans  typical 
management  is  0  until  day  134  (see  Flood  Damage  Table,  Soybeans  Typical 
Management,  presented  earlier). 

16.  Total  damages  for  Band  1  are  $16,490.25  ($6,561.00  +  $9,929.25). 

17.  Band  2  had  a  total  area  of  250  acres  flooded.  This  means  that 

112.5  acres  each  of  cotton  and  soybeans  were  flooded.  Damages  to  soybeans  are 
still  $0.  Damages  to  cotton  were  $10,935.00  in  operational  damages  and 
$16,548.75  in  net  revenue  damages.  This  is  a  total  for  Band  2  of  $27,483.75. 
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18.  Band  3  had  a  total  area  of  100  acres  flooded.  With  the  assumed  crop  dis¬ 
tribution,  45  acres  each  of  cotton  and  soybeans  were  flooded.  Soybeans  still 
had  no  damages.  Operational  damages  for  cotton  were  $4,374.00,  and  net  reve¬ 
nue  damages  were  $6,619.50.  This  was  a  total  of  $10,993.50  for  Band  3. 

19.  Band  4  had  a  total  area  of  300  acres  inundated.  This  area  was  inundated 
for  only  1  day,  but  for  day  118  the  critical  duration  for  cotton  typical  man¬ 
agement  is  1  day.  Based  on  the  crop  distribution  there  were  135  acres  each  of 
cotton  and  soybeans  flooded.  Soybeans  still  experienced  no  damage.  Opera¬ 
tional  damages  for  cotton  were  $13,122.00  and  net  revenue  damages  were 
$19,858.50.  This  was  a  total  of  $32,980.50  for  Band  4. 

20.  The  program  will  provide  damage  totals  by  band  and  a  total  for  the  entire 
flood.  Total  damages  from  this  flood  were  $87,948.00. 

21.  After  all  the  damages  have  been  calculated  for  the  flood,  the  program 

determines  how  the  crop  distribution  changes  due  to  the  destruction  of 

360  acres  of  cotton.  To  determine  whether  the  cotton  can  be  replanted  or 
another  crop  should  be  substituted,  the  program  checks  the  last  date  for 
replant  for  cotton.  The  last  date  for  replant  is  day  145.  The  flood  ended  on 
day  120,  so  with  10  days  for  dryout,  there  is  still  time  to  replant  all  the 
damaged  acres  to  cotton.  The  crop  distribution  of  the  area  would  remain  the 
same,  except  that  360  acres  of  the  cotton  would  be  cotton  replant  which  would 
experience  yield  reductions  due  to  the  later  planting  date. 

22.  The  program  has  three  levels  of  report  output  that  can  be  utilized.  The 

brief  mode  reports  damages  per  flood  year  and  summaries  for  each  reach.  The 

normal  mode  outputs  damages  for  each  flood,  for  each  year,  and  for  each  reach 


being  analyzed.  The  debug  mode  gives  very  detailed  information  including  all 
the  reports  in  the  normal  mode  plus  data  down  to  the  band  level  within  each 
flood. 

23.  Data  changes  required  to  modify  the  program  for  use  in  other  geographic 
areas  are  straightforward.  Data  required  are  (1)  crop  distribution  data, 

(2)  crop  budgets  for  specific  crops,  (3)  crop  substitution  sequence,  (4)  last 
date  for  replanting  activities,  (5)  crop  flood  damage-duration  data,  and 
(6)  digitized  stage-area  data.  Area  agricultural  universities  should  be  able 


to  provide  these  date. 
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T.  Background:  Flooding  in  Central  Appalachia 


The  Williamson  Daily  News  headline  of  5  Mar  79,  "Tug  Fork  Problem  May  be 
the  Worst  in  U.S.",  summarizes  a  complex  reality.  Central  Appalachia 
represents  a  large  share  of  the  nations  coal  resources,  it  is  founded  on  the 
geological  results  of  the  Pleistoclne  age,  subsequent  upheaval  of  the  earth's 
surface  and  consequent  erosion.  Harry  Caudill  describes  the  landscape  a3 
"wrinkled.  .  .intricately  comparted,  affordi"^  isolation  for  decades  and  the 
illusion  of  isolation  for  more  than  a  century."  Hills  with  about  1,000  feet 
of  relief,  sharply  dissected  and  characterized  by  alternating  layers  of 
limestone,  sandstone,  shale  and  coal,  support  an  economy  founded  on  coal, 
timber  and  marginal  agriculture.  The  same  hills  offer  fundamentally  poor 
foundation  conditions,  so  building  is  essentially  limited  to  valleys  or 
hilltops.  When  the  Central  Appalachian  area  went  through  its  most  rapid 
settlement  and  development  period  (late  19th  Century  and  early  20th  Century) 
with  the  coming  of  railroads  and  paved  highways,  the  settlement  and 
development  pattern  clung  to  the  protected  valleys.  Highway  and  rail  beds  are 
in  the  valleys. 

Overlay  this  wrinkled  landscape  with  a  human  landscape  founded  by 
Scotch-Irish  and  English  settlers,  who  were  looking  for  isolation,  estranged 
from  organized  society,  mostly  Protestant  and  white.  Caudill  writes  of 
sustained  migration  into  the  Kentucky  mountain  wilderness  following  the 
Revolutionary  War  until  about  1812  when  the  flow  declined.  Subsequently, 
waves  of  development  beginning  in  the  late  19th  Century  to  harvest  timber  and 
coal  were  facilitated  by  the  coming  of  the  railroads  and  the  buildup  of  the 
nation's  industrial  sinews.  Rail,  coal  and  timber  are  capital  intensive 
industries,  requiring  management,  capital  access  and  organization  far  removed 
from  the  isolated  independent  character  of  the  human  landscape.  Ownership, 
control  and  management  were  vested  in  the  corporate  structure  required  to 
facilitate  capital  intensive  technology.  This  control  extends  to  surface  and 
mineral  rights,  resulting  in  mostly  outside  ownership  of  the  land  and  to  the 
political  and  economic  power  of  interests  far  removed  from  Central 
Appalachia.  These  trends  are  visible  in  every  part  of  the  American  economy 
from  agriculture  to  health  services  as  the  logical  institutional  outcome  of 
capital  intensive  technology.  Therefore,  they  are  only  repeated  here  to  help 
describe  these  influences  in  an  unexpected  corner  of  human  experience. 


1.  Harry  Caudill  Night  Comes  to  the  Cumber lands.  Atlantic — Little  Brown 
Books,  1963  p.  19. 

2.  Caudill,  p.  10. 

3.  See  John  Fetterman,  Stinking  Creek,  Dutton  Paperback  (1970),  for  an 
Intimate  description  of  a  small  mountain  community  in  Appalachia,  and  Rebecca 
Caudill,  My  Appalachia,  for  a  personal  reminiscence.  Miss  Caudill  writes  of 
"her  chijdhood,  when  the  snow  was  clean,  before  the  mines  came,  before  the 
bitterness  and  bloodshed  began,  when  poverty  was  a  book  word,  when  poor  didn't 
know  they  were  poor  and  in  Appalachia  pride  and  dignity  filled  a  half  empty 
stomach." 
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Settlement  in  the  valleys,  ownership  of  land  by  outside  interests  and 
the  wrinkled  landscape  combine  to  form  a  peculiarly  difficult  set  of  problemn 
resulting  from  a  natural  component  of  the  hydrologic  cycle.  Water  evaporates 
to  the  atmosphere  and  returns  as  rain.  Rainfall  varies  from  gentle  showers  t0 
raging  downpours.  After  a  raging  downpour  Central  Appalachia  suffers  floods. 
If  the  people  were  not  there,  if  the  coal  and  timber  were  not  there,  if  the 
railroad  and  highways  were  not  there,  and  if  cities  and  villages  and  strip 
settlements  were  not  there,  periodic  floods  would  only  affect  the  ecology  of 
Appalachia.  Because  all  of  these  are  there  floods  bring  havoc,  suffering  and 
heavy  damages. 

One  way  out  would  be  to  declare  that  all  development  and  habitation 
relocate  to  flood  free  sites.  Another  is  to  contain  and  control  floods.  Both 
solutions  entail  heavy  costs  and  difficult  problems  of  implementation.  Even 
worse,  the  "do  nothing"  choice,  entails  even  more  difficult  and  intractible 
costs.  The  coal,  timber  and  other  natural  resources  of  Central  Appalachia 
fuel  America's  economic  process.  The  nation  has,  however,  successfully 
obtained  the  benefits  of  these  resources  without  paying  the  whole  bill.  A 
result  is  that  Central  Appalachia  contains  a  disproportionate  number  of  the 
nation's  defeated  people,  a  scarred  landscape,  piled  with  refuse,  an  expensive 
and  mounting  bill  of  flood  losses,  a  festering  conflict  between  management  ar.d 
labor  and  between  the  haves'  and  have  nets,  a  miserable  level  of  housing  and 
therefore  lower  capability  to  meet  the  nation's  pressing  energy  needs. 

Flood  containment  and  control  brings  additional  problems,  if  reservoirs 
are  sought,  due  to  heavy  relocation  costs  (people,  homes,  transportation 
routes  and  other  inpristructures)  and  displacement  of  access  to  coal  reserves. 
Other  structural  solutions  (flood  walls,  flood  proofing  buildings  by  sealing 
and  elevation)  bring  not  only  costs  due  to  construction,  but  potentially 
serious  difficulties  resulting  from  flood  events  which  exceed  the  design 
criteria. 

A  response  to  the  flooding  problem  then  entails  a  sophisticated  require¬ 
ment  for  design  and  implementation.  The  research  reported  here,  undertaken  by 
the  Institute  of  Water  Resources  and  several  contractors  attempts  to  add  an 
assessment  of  the  human  costs  due  to  flooding  in  the  Tug  Fork  Valley  of 
Central  Appalachia,  an  assessment  of  potential  impacts  if  voluntary  relocation 
is  undertaken,  and  finally,  an  assessment  of  the  social  nature  of  the 
communities  which  are  affected  by  floods  and  from  which  flooded  residents 
might  voluntarily  relocate. 

The  1977  Flood 

In  the  time  of  year  when  the  redbuds  and  dogwoods  are  blooming,  and  the 
leaves  unfolding  to  canopy  this  wrinkled  landscape,  on  April  4,  1977,  45 
counties  in  four  Appalachian  States  were  struck  by  flooding.  These  45 
counties  produced  over  162  million  tons  of  coal  in  1974,  reporting  54.7 
percent  of  production  of  the  four  states  and  41  percent  of  coal  production  in 
the  Appalachian  region.  The  45  counties  contained  a  population  of  1.47 
million  people  and  this  population  is  increasing  due  to  expanded  coal 
production. 
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Of  the  45  county  disaster  area,  the  Tug  Fork  Valley  suffered  the  most 
serious  impacts.  Within  30  hours,  up  to  15  inches  of  rain  were  dumped  by  a 
series  of  cloud  bursts  on  frozen  ground  near  the  headwaters  of  Tug  Fork.  An 
the  deluge  moved  down  the  valley  flood  crests  exceeded  known  records. 
Williamson  West  Virginia  had  a  flood  crest  of  52.3  feet,  more  than  25  feet 
above  flood  stage.  Flood  losses  exceeded  $100  million  in  Mingo  County,  an 
amount  larger  than  the  total  personal  income  earned  by  Mingo  County  resident.  - 
in  the  entire  year  of  1973*  Total  losses  in  Tug  Fork  Basin  approached  $200 
million. 

Tug  Fork  is  located  within  7  counties  of  West  Virginia  and  Kentucky. 
Coal  is  king  in  the  the  Tug  Fork  Valley.  Daily,  16  unit  trains  laden  with 
coal  exit  the  valley  moving  north,  west,  and  east.  Thirty  thousand  people 
reside  in  the  valley  and  10,000  live  in  the  flooded  area.  Over  100 
communities  or  places  (none  over  4,000  population)  are  scattered  in  a  linear 
fashion  along  the  Tug  River. 

Previous  Attempts  to  Alleviate  Flooding 

A  large  regional  flood  in  1957  brought  survey  studies  by  the  Corps  in 
the  Upper  Kentucky,  Upper  Cumberland,  Upper  Lilky,  Big  Sandy  and  Tug  Fork 
Basins.  A  reservoir  system  was  authorized  and  subsequently  constructed  in  th- 
Big  Sandy  Basin.  A  major  cut  off  project  is  under  construction  to  alleviate 
flooding  in  Pineville,  Kentucky,  and  to  provide  a  new  transportation  corridor 
and  to  facilitate  community  renewal.  The  project  is  managed  by  the  Kentucky 
Department  of  Highways  with  Corps  of  Engineers  and  other  agency  participation. 
In  the  Tug  Fork,  local  protection  by  flood  walls  was  installed  at  Williamson 
in  1963  and  later  for  the  Appalachian  Regional  Hospital  In  West  Williamson. 
Reservoir  sites  were  found  to  entail  very  heavy  costs,  difficult 
implementation,  and  limited  effectiveness  in  the  Tug  Fork,  and  therefore,  non- 
have  been  constructed.  A  path-breaking  analysis  of  non-structural  flood 
damage  reduction  management  (through  flood  proofing  by  elevation  of  existing 
structures  in  Matewan)  was  conducted  by  Huntington  in  1970.  Meanwhile,  the 
Tug  Fork  Basin  ha3  experienced  four  major  floods  since  the  1957  event 
climaxing  with  the  April  1977  flood.  That  flood  topped  the  flood  wall  at 
Williamson  by  several  feet  and  created  the  disaster  that  not  only  resulted  in 
$200  million  in  damages  but  also  a  $150  million  disaster  recovery  program 
primarily  financed  by  the  Federal  government.  With  the  exception  of  about  60 
homes  which  were  completely  destroyed  by  the  flood,  the  disaster  recovery 
operation  fundamentally  placed  people  back  in  the  same  situation  that  they 
were  in  before  the  1977  flood.  The  Appalachian  Regional  Commission  has  moved 
to  implement  a  region-wide  flood  warning  and  evacuation  system,  which  will 
serve  to  reduce  the  threat  of  flooding  to  loss  of  human  life  and  can  partial! y 
reduce  flood  damages. 

The  IWR  Study 

The  Huntington  District  was  engaged  in  a  restudy  of  the  Tug  Fork 
flooding  problems  when  the  1977  flood  occured.  Following  the  flood  recovery 
efforts,  the  District  moved  (by  legislative  directive)  to  develop  a 
comprehensive  solution  to  the  flooding  problems.  That  is,  the  solution  shou! 1 
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be  uniformly  effective  valleywide.  A  small  part  of  that  effort  found  its  w-i; 
to  this  study.  IWR  proposed  to  conduct  a  study  with  five  major  elements: 

1.  Human  Cost  of  Flooding 

2.  Housing  Analysis 

3.  Community  Analysis 

4.  Social  Profile 

5.  Evaluation  of  Impacts  of  Flooding  on  Coal  Mining  Productivity 

The  studies  were  conducted  by  IWR  staff  and  through  a  contract  with 
Cornell  University.  Economists  and  sociologists  worked  together  to  generate 
the  data  base  and  analysis  which  would  satisfy  study  objectives.  The  purport 
of  this  study  was  to  develop  a  broader  assessment  of  the  human  costs  of 
flooding  and  to  facilitate  implementation  of  voluntary  relocation.  Both 
flooding  and  the  solutions  to  flooding  involve  real  economic,  social, 
environmental,  and  political  costs.  The  challenge  is  to  find  solutions  which 
are  rational,  implement able,  and  practical. 
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II.  Findings  of  the  Human  Resource  Costs  Approach 


A.  Quantifying  Human  Resource  Damages 

Three  forms  of  human  resource  costs  are  documented  as  damages  of 
flooding  in  this  study.  These  costs  involve  impairment  of  individuals  and 
households  which  reduces  their  capacity  for  productive  participation  in  the 
economy.  The  impairment  processes  are:  (1)  phychological  trauma, 

(2)  attrition  of  household  financial  asset  position  which  reduces  financial 
capability  and  changes  outlook,  and  (3)  reduction  in  productivity  of  coal 
miners.  The  economic  consequences  of  psychological  trauma  and  reduced  coal 
mining  productivity  are  estimated.  The  process  of  household  financial  asset 
attrition  and  adjustment  response  behavior  are  quantitatively  traced,  but  the 
economic  loss  is  not  estimated.  This  would  have  required  substantial 
additional  research  which  could  not  be  fitted  into  this  study  frame. 

1 •  Psychological  Trauma 

Responses  to  survey  questions  from  people  who  were  in  the  1977  flood 
reflected  twenty-two  factors  indicating  the  psychological  impact  of  the  flood. 
Adverse  psychological  impacts  were  then  rated  in  terms  of  severity  and  were 
summed  for  each  surveyed  household.  The  scores,  then  arrayed  into  a 
three-level  scale  comparable  to  levels  corresponding  approximately  to  the 
American  Medical  Association  three-level  scale  of  psychological  impairment, 
results  in  the  following  distribution: 

Level  I  -  1  to  9  points  (39$  of  households); 

Level  II  -  10  to  12  points  (32$  of  households); 

Level  III  -  13  to  20  points  (29$  of  households). 

The  assignment  of  household  trauma  score  levels  to  individuals  in  those 
households  was  accomplished  in  the  following  way: 

Level  I  -  84  households  =  1 8 1  individuals; 

Level  II  -  114  households  =  369  individuals; 

Level  III  -  80  households  =  291  individuals. 

The  levels  of  psychological  trauma  measured  in  the  survey  of  1977  flood 
victims  and  matched  to  the  three  levels  of  AMA  psychological  impairment  scale, 
were  then  set  to  corresponding  Veterans'  Administration  disability 
compensation  payments  for  comparable  median  percentages  of  impairment.  The 
annual  compensation  values,  multiplied  by  numbers  of  individuals  at  each 
trauma  level  of  impairment,  were  as  follows: 

Level  I  -  1 8 1  individuals  x  0  compensation  =  $0 

Level  II  -  369  individuals  x  $1326.60/yr  =  $489,515.00/yr 

Level  III  -  291  individuals  x  $4315.2C/yr  =  $1 ,255,723.00/yr 

Total  Compensation  =  $1 ,745,238.00/yr 
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The  225  households  of  Levels  II  and  III  are  representative  (based  on  sampl.. 
characteristics)  of  the  5300  residences  actually  damaged  by  the  1977  flood. 
The  estimate  of  $1,745,000  per  year  for  psychological  damages  averages  $8,<>> 
per  household. 

How  long  did  the  trauma  effects  persist  at  the  levels  measured? 
Indicators  for  the  trauma  scale  were  directed  to  any  time  or  duration  within 
the  interval  between  the  1977  flood  and  the  survey.  Some  of  the  effects 
reported  by  respondents  lasted  even  less  than  the  first  year,  and  many  peop;. 
had  recovered  by  the  end  of  the  second  year.  However,  many  effects  were  sM 1 
active  at  the  time  of  the  survey,  slightly  over  two  years  after  the  flood, 
may  continue  indefinitely.  The  response  to  a  question  on  "Back  to  Normal?" 
confirmed  such  continuing  effects. 

If  the  rates  measured  are  applied  strictly  for  two  years  (thus  assumlrv 
that  effects  of  shorter  and  longer  duration  cancel  out)  the  total  of  $18,000 
trauma  costs  per  household  is  substantially  larger  than  the  approximate  $900) 
per  residential  structure  of  property  damage  incurred  in  the  1977  flood. 
Applying  the  $18,000  to  the  5300  homes  damaged  or  destroyed,  there  is  a  total 
psychological  trauma  damage  amounting  to  $95,000,000.  These  losses  exceed 
total  residential  property  losses  by  about  50  percent,  and  compare  with  total 
property  losses  of  127  millions,  business  losses  of  45  millions,  and 
emergency/recovery  costs  of  26  millions. 

Two  alternative  approaches  to  valuation  give  quite  consistent  results. 
They  were  developed  independently  of  the  above  estimate.  First,  the  approach 
used  to  allocate  the  Buffalo  Creek  out-of-court  settlement  for  a  flood  cause! 
by  a  dam  failure  was  adapted  to  Tug  Fork.  The  result  for  the  1977  flood  was 
$93,000,000.  Second,  evaluation  was  made  based  upon  a  Life  Event  Social 
Readjustment  rating  scale  and  workers  compensation  awards  which  produced  a 
range  of  estimates  from  18  million  dollars  to  164  million  dollars  -  midpoint 
91  million  dollars. 


Coal  Productivity 


The  objectives  of  this  study  unit  were  to  estimate  the  adverse  impacts 
of  flooding  on  coal  mining  productivity  -  that  portion  of  the  variation  in 
coal  produced  per  coal  miner  when  other  major  sources  of  variation  are 
accounted  for.  The  direct  disruption  arising  from  physical  damage  to  mines, 
equipment,  and  coal  transport  systems  was  included  in  property  losses.  Othr:- 
more  pervasive  impacts  on  productivity  stem  from  the  long-run  attrition  in 
housing  quality,  diminishing  availability  of  public  services,  and  lowered 
quality  of  life.  The  productivity  costs  of  the  latter  impacts  alone  are  at 
issue  here. 


Analysis.  The  impact  of  flooding  on  coal  mining  productivity  was  evaluated  > 
means  of  a  regression  model  of  productivity  data  from  43  Appalachain  countie" 
Output  per  employee  was  compared  with  flood  damages  per  capita  for  the  record 
flood  in  each  county  and  the  percent  of  coal  produced  by  surface  mining. 
Productivity  is  much  higher  in  surface  mining  than  in  deep  mining.  The  mod*’: 
was  calibrated  from  data  for  43  Appalachian  counties  which  produced  at  least 
one  million  tons  in  1975  (an  averaged  5.4  million  tons.  The  following  table 
shows  the  summary  statistics. 


170 


Flood  of  Record  Effects  on  Coal  Production  In  43  Appalachian  Counties 


Tons  Produced,  ’75 

Employment 

Tons/EMP 

( PCSURF) 

%  Surface  Minina 

Average 

5,451 ,791 

2,350 

2,333 

52.5 

Standard  Dev. 

588,941 

307 

1,432 

4.9 

(FLCAP) 

1970  Pop.  Affected  *Damages  from  *Per  Capita 

by  Flooding _ Record  Event  Damage  of  Record  Floorj 


Average 

7,653 

$4,087,000 

$  534 

Standard  Dev. 

$4,886,000 

$1,255 

*1975  Dollars 

Two  measures  of  association  were  attempted,  both  show  modest  relationshipn 
the  proper  direction. 


Correlation  Coefficients 


Per  Capita 

Flood  Damage 

-  .18451 

Tons 

-  .25820 

.23025 

%  Surface 

.50538 

-  .02738 

-  .48151 

Tons  per 
Employee 

Fl.  Damage 
per  Capita 

Tons 

One  interesting  thing  about  the  data  is  that  the  largest  coal  produ'' 
counties  show  a  negative  correlation  with  productivity.  Higher  productiv! 
is  associated  with  the  percent  of  surface  mining  and  negatively  correlate! 
with  flood  damages  per  capita.  Regression  results  are  about  as  expected, 
per  capita  flood  damage  variable  shows  a  coefficient  of  the  correct  sign  w 
a  modest  degree  of  significance  (a  coefficient  which  rejects  the  null 
hypothesis  at  a  .90  probability). 


The  regression  format  is  as  follows: 


Tons  per  employee  =  f  (annual  tons  produced,  per  capita  flood  damage 
from  record  event,  and  percent  of  coal  produced  from  surface  mining). 

The  statistically  significant  variables  are  abbreviated  in  the  summary 

below: 


TON/EMP  =  1,926  -  .002  ( FLCAP) 
(1.4) 

F  =  3.97  +  2.1  ( PCSURF) 

(3.0) 


Average  Value  Standard  Dev. 

X  =  $534  FLCAP  1255 

XI  =  52$  SURF  32 


The  regression  using  flood  damage  per  capita  shows  a  stronger  statistical 
relationship  than  does  regression  on  total  flood  damages  and  emphasizes  a  need 
to  reduce  the  flood  hazard  in  the  most  severely  affected  areas.  The 
elasticity  of  the  flood  damage  per  capita  coefficient  is  -.03639,  indicating 
that  a  one  percent  reduction  in  flood  damage  per  capita  would  result  in  a 
3/100  percent  increase  in  productivity  per  employee,  or  an  average  increase  of 
9  tons  per  employee,  worth  about  $20  a  ton  or  $  1 80  per  year.  In  the  average 
county  this  would  amount  to  $428,000  additional  product  per  year. 

If  these  results  are  applied  to  the  Tug  Fork  counties,  the  potential 
impact  of  flood  damage  reduction  in  improving  coal  mining  productivity  is 
17,103  tons  per  year  for  each  percent  decrease  in  flood  damages.  Since  the 
flood  damage  variable  is  based  on  the  record  flood,  reduction  of  the  1977 
flood  by  75  percent  would  result  in  extra  production  of  1,282,725  tons  per 
year  worth  an  excess  of  $25  million  annually.  Since  this  extra  production  can 
be  achieved  without  additional  inputs,  the  value  of  the  product  is  a  net 
increase  in  national  output  and  income. 

Conclusion.  That  much  of  the  coal  production  loss  estimated  in  this  study  is 
attributable  to  impairment  of  miners  as  a  human  capital  resource  is  strongly 
suggested  by  arguments  and  results  of  both  the  study  of  trauma  damage  and  the 
study  on  household  disruption,  which  provide  a  context  for  this  estimate. 

The  Tug  Fork  area  has  natural  environment  problems  coupled  with  the 
"boom  to  bust"  cycle  of  an  extractive  economy  which  have,  together,  led  to  a 
harmfully  low  level  of  living  for  its  people.  Although  they  contribute  a 
fundamentally  necessary  and  valuable  resource  which  supports  the  standard  of 
living  of  Americans  elsewhere,  citizens  of  this  valley  must  live  in 
cpmmunitles  that  provide  sub-standard  public  services  (or  none).  Many  of  them 
also  live  in  houses  which  fall  to  meet  national  standards  of  decent,  safe  and 
sanitary.  One  third  of  them  live  in  locations  at  flood  risk.  Their  ability 
to  move  is  rigidly  constrained  by  housing  supply,  topography,  shortage  of 
flood-free  sites,  unavailability  of  land,  and  their  own  low  incomes. 
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Five  severe  floods  In  the  last  20  years  have  been  one  of  the  major 
cumulative  factors  working  on  attrition  in  housing  quality  and  quantity,  in 
public  facilities  infrastructure  (lost  or  not  developed)  and  in  the  human 
resource  capacity  of  labor  and  the  population  at  large  to  participate 
productively  in  the  economy  toward  self-maintenance  and  regional  development. 

The  communities  cannot  fully  recover  from  successive  floods  and  maintain 
a  high  quality  and  variety  of  public  services  conducive  to  their  own 
productivity  unless  State  and  Federal  governments  act  to  help  create  a  minimum 
stable  base  of  housing  and  basic  public  amenities  once  and  for  all  free  of 
flooding  destruction.  Their  need,  present  mitigative  costs  and  an  inequity 
across  geography  and  income  classes,  can  be  solved  by  a  non-structural 
strategy  which  combines  genuine  relocation  opportunities  in  decent  housing 
with  comprehensive  flood  damage  reduction. 

2.  Household  Financial  Disturbance  Results 


The  purpose  of  this  unit  of  investigation  is  to  identify  the  extent  to 
which  the  ability  and  willingness  of  households  to  participate  productively  in 
the  economy  is  affected  by  flooding  experience  and  to  derive  some  logically 
expected  human  capital  resource  and  dependency  consequences  of  those  effects 
which  may  recur  to  the  national  economy.  This  unit  also  furnishes  some 
description  of  data  distributions  and  relationships  underlying  the  findings 
reported  in  the  investigation  units  on  psychological  trauma  and  labor 
productivity  in  coal  mining. 

Flood  experience  variables  including  damages  to  home,  whether  forced  to 
leave  home,  time  out  of  home,  depth  of  water  in  home,  and  I033  of  sentimental 
objects  —  were  related  to  psychological  and  physical  variables  on  family's 
state  of  mind,  charges  in  health,  specific  stresses,  and  family  health  score. 
These  experiences  were  already  shown  to  have  had  moderate  to  strong  impacts  on 
respondents'  perceptions  of  their  families'  well-being. 

Assuming  the  established  psychological  impact  content  of  the  flood 
experiences,  those  flood  experience  indicators  were  then  related  to  household 
financial  response  variables  —  including  savings  level,  credit  cl' igations, 
purchasing  behavior,  changes  in  forms  of  Insurance,  and  requests  foi  services 
and  financial  assistance  from  private  and  public  organizations  and  programs. 
With  the  exception  of  purchasing  behaviors  (where  results  were  negligible  or 
equivocal)  a  number  of  adjustive  financial  responses  imposed  by  the  flood  were 
moderately  or  strongly  indicated.  There  is  sufficient  suggestion  in  these 
data  to  warrant  future  systematic  investigation  into  the  aggregate  effect  on 
the  economy  of  the  imposed  changes  on  households  glimpsed  in  this  probe. 

As  a  summary  check  on  effects  persisting  two  years  beyond  the  flood, 
well  after  property  damages,  business  losses,  and  emergency  recovery  costs  had 
been  tallied,  survey  respondents  were  asked  if  their  families  were  "back  to 
normal".  The  question  was  intended  to  encompass  both  the  psychological 
self-assessments  and  the  household  economic  indicators  in  a  general  estimate 
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or  outlook.  The  negative  responses  Indicating  that  households  had  not 
returned  to  "normal"  are  shown  below  as  they  are  related  to  the  major  flood 
experiences: 


l*n*  7:  Effect 

of  Four  Fijerlei  r  e*  on  "Thitipn 

Back  to  Ro 

D*t*fe  to  Hose 

Back 
Bo  '  " 

To  Horral 

'  toe 

Hone 

9.7 

90.3 

Little 

0.0 

100.0 

Mode  r*  te 

23.S 

76.5 

Sever* 

36.0 

67.0 

Ruined 

52.4 

47.6 
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In  summary,  there  is  implication  in  the  data  of  this  study  unit 
(supported  by  the  psychological  trauma  damages  estimate)  to  suggest  quite 
strongly  that  human  resources  impairment  persists  long  after  public  program 
monies  have  been  spent  for  emergency  services  and  "recovery".  The  effective 
capacity  of  people  for  normal  participation  in  the  economy  may  slowly 
decrease,  following  deterioration  in  the  private  property  base  and  social 
Infrastructure  through  which  they  must  act  to  achieve  productive  ends.  In 
short,  with  successive  floods  there  is  strong  suggestion  of  a  downward 
"ratchet"  effect,  a  cumulative  decline  in  the  human  resource  capacity  of 
Individuals.  There  is  reinforcing  confirmation  for  this  in  much  general  data 
on  the  valley  over  the  last  twenty  years  of  flood  history. 

A  downward  drift  in  wealth,  psychological  outlook,  perception  of 
opportunity,  and  economic  choice  follows  recurring  severe  floods,  even  as 
government  and  privately  supported  flood  recovery  costs  mount.  This  situation 
indicates  a  substantial  federal  advantage  for  investing  funds  either  to 
control  floods  or  to  assist  the  resettlement  of  f lood-threatend  households  to 
flood-free  locations. 
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There  is  some  specific  point  in  judgmental  concensus  (If  not  in  precise 
measurement  allowed  by  study  time  and  funds)  where  the  recovery  cost  of  flood? 
becomes  a  welfare  burden  on  behalf  of  an  increasingly  depleted  human  resource, 
and  ceases  to  be  an  investment  in  genuine  recovery.  Investment  in  a  permanent 
state  of  recovery  is  necessary  to  establish  the  productive  capacity  of  a 
viable,  confident,  and  capable  socioeconomic  system  of  people  able  to  achieve 
and  maintain  living  conditions  which  approach  at  least  minimum  national 
standards  of  well-being. 

B.  Non-Structural  Plan  Implementation 

1 .  Relocation  Opportunity  Housing  Analysis 

The  objectives  of  the  housing  analysis  study  unit  are  to  provide 
information  on  the  housing  stock,  housing  preferences,  and  propensity  of 
people  to  move. 

It  is  assumed  that  a  major  component  of  adjustment  to  flood  risks  will 
be  met  by  providing  new  housing  in  the  valley  which  would  enable  residents  in 
the  floodplain  who  are  at  greatest  risk  to  have  the  choice  of  moving  to  a  new 
location  where  risk  is  reduced  or  eliminated. 

The  information  provided  should  enable  Corps  planners  to  make  some 
inferences  about  future  non-structural  approaches  and  provide  basic  data  for 
some  of  the  necessary  planning  decisions.  Most  critically,  data  on  housing 
type  preferences  and  the  specific  aspects  of  willingness  to  move  will  allow 
identification  of  those  kinds  of  households  likely  to  respond  to  new  housing 
opportunities,  thereby  guiding  plan  implementation  resources  to  those  segments 
of  the  population  where  effectiveness  will  be  maximum. 

Current  Housing  Stock.  The  recent  history  of  housing  in  the  Tug  Fork 
River  Valley  is  one  of  frequent  flood  damage  and  destruction  of  a  diminishing 
supply  of  housing  that  stands  in  contrast  to  the  history  of  housing  policy  in 
the  United  States  at  large.  There  is  a  critical  shortage  of  decent,  safe,  and 
sanitary  housing  that  meets  national  standards  and  fundamental  policy. 

Forty-eight  percent  of  the  housing  in  the  sample  for  this  study 
(stratified  by  frequency  zone)  is  in  the  zone  where  flooding  has  an  expected 
recurrent  interval  of  once  in  20  years,  or  more  frequently.  Another  20 
percent  is  in  the  50-100  year  zone  and  28  percent  is  in  the  500-year  zone  or 
above.  This  reflects  the  historical  fact  that  individual  initiative  alone  - 
against  topographical  problems  of  site  development  and  pattern  of  corporate 
land  ownership  -  rarely  has  any  option  but  to  build  on  the  valley  floor.  As 
the  data  indicate,  nearly  three-fourths  of  residences  are  within  the  100-year 
floodplain. 


Four  attributes  of  housing  quality  (beyond  condition  of  structure  and 
materials)  were  tested  for  relationship  with  flood  frequency  zones.  Tenure 
(owner-renter),  number  of  rooms  and  presence  of  bathroom  were  all  found  to 
vary  by  zone,  although  they  are  not  linearly  related  to  zone.  The  fourth 
characteristic  -  lot  size  -  does  seem  to  be  nearly  linearly  related.  Lots  are 
smaller  (therefore  housing  density  higher)  in  the  higher-frequency  zones, 


while  more  lota  larger  than  one-half  acre  are  located  in  the  lower  frequency 
zones.  The  design  of  both  public  information  efforts  and  effective  incentives 
for  voluntary,  self-selective  relocation  should  take  into  account  these  and 
other  zone-specific  differences. 

About  70  percent  of  floodplain  residents  are  home-owners  and  33  percent 
presently  have  mortgages.  Many  mortgages  are  rather  short-term  (10  to  12 
years)  because  valley  residents  tend  toward  inability  to  maintain  the  value-  of 
their  home  at  parity  with  their  mortgage  balances.  Bankers  also  report  that 
the  average  loan-to-value  ratio  is  20  to  30  percent. 

There  are  a  number  of  clearly  identifiable  factors  responsible  for  the 
critical  deficiency  in  both  supply  and  quality  of  this  housing  inventory. 
Interviews  with  more  than  50  officials  in  both  the  public  and  private  sectors 
converged  on  the  following  obstacles  and  problems: 

Lack  of  suitable  and  available  land  for  individual  purchase; 

-  High  site  development  costs  due  to  (1)  topography,  (2)  lack  of 
infrastructure,  (3)  corporate  land  ownership; 

-  Absence  of  even  a  small  building  industry,  and  lack  of  skilled 
construction  workers; 

-  Lack  of  long-term  mortgage  financing  mechanisms; 

-  Lack  of  adequate  transportation  routes  for  movement  of 
materials; 

-  Government  regulations  which  the  area  cannot  meet  because  of 
topography,  economic,  and  labor  constraints. 

At  present,  the  only  alleviation  of  the  housing  situation  described  here 
is  the  modest  expectation  of  less  than  2,000  units.  These  are  being  provided 
by  the  efforts  of  HUD  under  Section  8,  and  by  FMHA  under  Section  502,  with  the 
supplementary  assistance  of  the  West  Virginia  Housing  Development  Fund  and  the 
Kentuck  Housing  Corporation.  Distributed  across  two  states,  few  will  be  in 
the  Tug  Valley. 

Housing  Preferences.  A  number  of  Indicators  concerning  satisfaction 
with  present  homes  and  neighborhoods  were  assessed.  Present  homes  were 
considered  ideal  by  26  percent  of  tV.  residents.  Another  32  percent  expressed 
a  need  or  desire  for  a  more  elaborate  home  in  some  respect,  while  14  percent 
replied  that  their  ideal  was  simply  a  "decent"  home.  Eight  percent  stated 
that,  ideally,  they  wanted  a  home  safe  from  flooding. 

Neighborhood  attachment  was  examined  in  a  number  of  facets  to  help 
interpret  responses  of  stayers  and  movers.  Aspects  of  neighborhood 
orientation  asked  about  Included: 
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What  does  it  mean  to  you? 

How  satisfied  are  you? 

How  often  do  you  talk  with  neighbors? 

Wbuld  you  miss  it  if  you  moved? 

Wbuld  you  want  neighbors  to  move  too? 

The  total  content  of  responses  indicated  that  neighborhood  ties  are  quite 
strong.  But  about  half  of  the  66  percent  of  the  valley  residents  rilling  to 
move  are  indifferent  as  to  whether  any  of  their  neighbors  might  move  with 
them.  Apparently  it  is  neighboring  relations  -  not  particular  neighbors  - 
that  matter  to  them,  whether  in  their  present  locations  or  in  new  ones. 

The  specific  house  type  preferences  expressed  included  one  dominantly 
expected  result  and  one  surprise  contradiction  of  conventional  wisdom  (held  by 
some  local  officials  as  well  as  outsiders)  about  the  area.  About  half  of  the 
respondents'  first  choices  were  for  a  small,  one-story,  single-family, 
detached  house.  This  simply  affirms  what  is  typical  for  the  area  and  for 
non-metropolitan  Americans  at  large.  About  one-fourth  chose  a  rustic, 

A-frame,  mountainside  house  which  is  not  presently  common  in  the  area.  About 
15  percent  rejected  all  five  house  types  shown  to  them.  The  surprising  result 
was  that  only  3  percent  chose  the  mobile  home.  This  may  be  a  strong 
indication  that  they  (and  perhaps  "esidents  of  other  valleys)  do  not  like 
living  in  "trailers"  as  is  often  asserted.  This  finding  indicates  that  the 
present  abundance  of  mobile  homes  is  an  outcome  of  unavoidable  necessity,  not 
free  choice.  Both  garden  apartments  and  high  rise  structures  were  also  nearly 
completely  rejected. 

Propensity  to  Move.  Respondents  in  the  278  households  of  the  survey 
were  asked  this  question:  "If  decent,  affordabe  housing  were  available  to  you 
outside  the  floodplain,  would  you  be  willing  to  move?"  More  than  66  percent 
answered  "yes."  Why  this  majority  contradiction  of  the  pervasive  myth  that 
people  living  in  the  floodplain  are  not  willing  to  move  out  of  it?  It  is 
mostly  due  to  the  absence  of  affordable  housing  in  flood-free  sites,  so  they 
haven't  frequently  moved.  Behavior  is  heavily  constrained  by  obstacles,  but 
preferences  are  not.  What  most  of  the  people  want  -  are  willing  to  do  -  is 
blocked  off  by  three  major  obstacles.  Small  and  dwindling  supply  of  housing, 
especially  outside  the  floodplain,  has  already  been  discussed  and  its  six 
primary  causes  identified.  A  second  obstacle  to  individual  action  is  low 
family  incomes,  a  pervasive  constraint  against  many  inclinations  to 
self-betterment  besides  decent  housing  in  the  region.  And  third,  there  is  a 
lack  of  long-term  mortgage  financing  available,  partly  because  of 
earlier-mentioned  federal  regulaton3  which  often  make  qualification  difficult 
in  this  area. 

Conclusion.  It  is  clear  that  the  housing  realities  of  the  valley  show 
many  dimensions  of  both  need  and  opportunity  which  might  be  successfully  met 
by  voluntary  relocation  and  other  non-structural  measures.  It  is  equally 
apparent  that  no  single  agency  has  the  sole  ability  to  bring  housing  and  flood 
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control  policy  together.  The  Corps  of  Engineers  has  both  the  opportunity  and 
the  lead  capacity  for  developing  an  innovative  organizational  arrangement  with 
the  Appalachian  Regional  Commission  and  housing  agencies  and  organizations  at 
all  levels  (public  and  private)  to  plan  and  administer  a  long-term  housing 
development  and  relocation  assistance  plan  which  would  greatly  reduce 
long-term  flooding  risks  and  re-house  an  area  long  suffering  from  very  poor 
housing. 

2.  Community  Analysis 

Objectives:  The  specific  objectives  of  the  community  analysis  for  the 
valley  were:  (1)  to  assemble  an  inventory  of  populated  places  which  are 
predominantly  too  small  to  be  described  in  U.S.  Census  sources;  (2)  to  develop 
a  social  profile  consisting  of  several  factors  each  of  an  economic,  social, 
political  and  historical  kind;  (3)  to  identify  the  formative  influences  of 
present  community  organization  and  (4)  to  assess  adaptability  and  capacity  to 
respond  to  government  assistance  for  flood  damage  reduction  through  a 
non-structural,  voluntary  relocation  opportunity  plan.  The  general  objective 
of  this  study  unit,  like  that  of  the  housing  analysis  unit,  is  to  provide 
planners  with  information  which  will  help  them  to  identify  both  feasible 
components  and  constraints  toward  development  of  a  voluntary  relocation  plan. 

Residential  Place  Inventory.  By  a  research  procedure  of  intersecting 
various  maps,  aerial  photos,  field  inspection,  and  interviews,  103  named 
residential  places  were  identified.  They  are  distributed  with  a  fairly  even 
density  in  a  strip  development  throughout  the  130  miles  from  Ft.  Gay  to  Welch, 
at  an  average  interval  of  two  and  one-half  miles,  comprising  a  population  of 
about  10,000  persons  within  the  outer  limit  of  the  floodplain.  Mont  are 
unincorporated  and  few  have  public  facilities  and  services. 

Social  Profiles.  In  the  social  profiling  process,  some  widespread  image 
points  about  "Appalachia"  were  confirmed  for  this  valley  in  particular:  Labor 
participation  is  about  two-thirds  the  national  average,  median  family  income 
is  correspondingly  depressed,  and  educational  attainment  level  is  low. 

The  Dun  &  Bradstreet  credit  limit,  aggregated  for  rated  firms  in  22 
towns  in  West  Virginia  and  nine  in  Kentucky  amounts  to  per  capita  availability 
of  $36,239  in  the  former  and  $4,906  in  the  latter.  In  West  Virginia  six  towns 
alone  account  for  99.4  percent  cf  credit  and  in  Kentucky  two  towns  absorb  92 
percent.  Among  listed  "D  &  B"  businesses  in  the  Valley  20  percent  are  coal 
mines,  12  percent  are  manufacturing  or  construction,  15  percent  are 
wholesalers,  40  percent  are  retailers  and  10  percent  are  service  providers. 
Most  businesses  are  branch  and  not  locally  owned.  In  this  context,  local  firm 
turnover  (starts  and  failures)  is  rapid.  Mo3t  businesses  are  also 
overwhelmingly  sited  in  the  floodplain. 

Historically  Formative  Influences.  One  of  the  major  influences  which 
has  shaped  community  and  social  organization  as  well  a3  perspectives  on  life 
in  the  valley  is  the  single-industry  dominance  of  coal  mining.  Tt  began  to 
effectively  shape  the  physical  and  social  arrangement  of  the  valley  during 
World  War  I,  when  the 
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industrial  production  of  Eastern  cities  generated  a  vast  demand  for  coal.  The 
dominance  of  the  coal  companies  created  a  number  of  realities  which  remain  as 
greater  or  lesser  residues  today. 

First,  in  response  to  the  national  market  demands  large  firms  bought  a 
large  portion  of  mineral  and  surface  rights  on  the  land.  The  resulting 
ownership  in  large  blocs  limits  its  development  for  housing.  Second,  the  coal 
industry  offered  high  wages  but  erratic  employment,  because  the  industry  has 
been  characterized  by  frequent  sharp  cyclical  downturns.  Third,  the  coal 
companies  -  whether  to  provide  infrastructure  for  maintaining  a  viable  labor 
force  or  to  control  and  exploit  a  vulnerable  population  -  as  one  wishes  to 
Interpret  history  -  often  built  company  towns  providing  housing,  goods  and 
services.  Benign  or  malignant,  it  induced  dependence. 

Cyclical  employment,  living  conditions,  work  requirements  and  safety 
problems  also  generated  a  violent  era  of  the  labor  movement  -  and  yet  another 
contact  with  large-scale  organization  in  the  form  of  unions.  Railroads 
created  another  experience  of  dealing  with  large  organizations  controlled 
outside  the  valley. 

More  recently,  the  people  of  the  valley  have  had  other  experiences  of  a 
post-  industrial  kind  in  common  with  more  metropolitan  Americans  everywhere. 
The  Kennedy/Johnson  social  welfare  programs  brought  federal  funds,  new 
organizations,  and  a  small  share  of  wider  American  prosperity  to  a  small  but 
active  segment  of  the  local  population.  The  lasting  effect  of  those 
experiences  has  been  rising  expectations  about  many  aspects  of  local  life  not 
presently  at  parity  with  minimum  national  standards. 

The  weight  of  these  experiences  since  World  Vfer  II,  not  so  different 
from  that  of  more  affluent  metropolitan  Americans,  is  evidence  squarely 
against  a  major  dimension  of  the  Appalachian  stereotype.  Despite  the  material 
conditions  and  economic  depression  of  the  area,  it  is  not  an  isolated 
backwater  of  unsophisticated  "hillbillies."  The  people  can  organize  to  assert 
their  interests  on  specific  issues,  as  they  did  in  early  unionization,  and  as 
they  have  with  greater  frequency  and  variety  in  the  last  20  years.  However, 
they  have  not,  and  cannot  alone,  overcome  the  intersecting  problems  of  nature, 
history,  and  structural  problems  of  industry,  economics,  and  community  which 
extend  into  and  originate  in  American  society  at  large. 

Capacity  to  Respond  to  Assistance  and  Change.  This  study  unit  evaluated 
adaptability  to  change  and  capacity  to  respond  to  the  complexities  of  planning 
and  development  in  a  constructive,  participating  manner.  Two  empirical 
generalizations  result  which  reassure  prospects  for  success  of  the  extensive 
Interaction  necessary  to  plan  and  implement  a  voluntary  non-3tructural 
program.  One  generalization  is  that  people  are  attached  to  the  Tug  Fork 
Valley,  not  to  their  particular  locale  or  community  of  residence.  The  other 
is  that  there  are  potential  resources  in  individual  characteristics  and 
organizational  experience  adequate  to  implement  a  voluntary  relocation 
strategy. 

People  are  not  attached  to  the  Immediate  community  or  site  of  residence 
for  a  number  of  reasons.  First,  they  commute  long  distances  to  work,  in  large 


numbers;  and  they  live  at  such  remote  locations  because  the  scarcity  of 
housing  makes  residential  change  hard  to  achieve.  Hence  they  often  don't  live 
where  they  do  because  they  wish  to  stay.  Commuting  also  diffuses  their 
familiarity  across  many  communities.  A  second  reason  for  diffuse  attachment 
is  that  civic  orientation  and  political  decision-making  have  historically  been 
focused  at  the  County  level,  rather  than  the  community  level.  A  third  reason 
is  that  business,  professional,  fraternal  and  religious  organizations  do  not 
coincide  with  municipal  or  community  boundaries. 

The  resources  for  local  leadership  assistance  and  organizational 
competence  are  also  suggested  by  several  clear  indicators.  One  indication  of 
response  capability  is  the  residents  who  are  identified  as  "cosmopolitans"  in 
this  study.  They  are  professionals  and  managers  who  either  belong  to 
long-established  families  of  the  area  or  have  migrated  in  as  branch  employees 
of  non-local  firms.  Many  corporate  policies  encourage  employee  civic 
responsibility.  This  may  be  especially  likely  in  the  Tug  Fork  area  if  an 
opportunity  to  improve  community  facilities  and  services  is  perceived. 
"Cosmopolitans,"  in  short,  are  a  pool  of  potential  local  talent. 

Another  indication  which  suggests  response  capability  is  the  experience 
of  people  who  have  interacted  with  Federal,  regional,  and  State  governments  to 
implement  welfare  and  development  programs  during  the  last  20  years.  Above 
the  municipal  or  community  level,  the  area  actually  has  a  fairly  dense  system 
of  formal  organization  and  professional  expertise.  A  fully  designed  strategy 
of  coordination  would  probably  be  a  sound  administrative  investment. 

Conclusions.  This  assessment  has  evaluated  the  characteristics  of 
residents,  organizations  and  institutional  bases  and  communities. 

Historically  shaping  experiences  show  the  potential  for  positive  response  and 
adaptation  to  change.  They  suggest  several  opportunities  and  constraints  for 
planners.  First,  contrary  to  physical  community  appearances,  most  of  the 
population  have  extensively  experienced  the  process  of  urbanization.  They  are 
verv  much  linked  Into  national  American  culture  through  coal,  unions,  Federal 
programs,  large  educational  sector,  migrant  professionals,  and  TV.  This  fact 
means  that  a  voluntary  relocation  program  should  be  perceived  as  collaboration 
in  common  goals,  not  as  outside  intervention. 

Second,  most  of  the  floodplain  residents  would  move  to  an  affordable 
flood-free  location.  This  is  a  dout.*:- edged  truth.  Providing  safe  and 
affordable  housing  along  with  a  reasonable  system  of  supporting  community 
services  is  a  formidable  objective. 

Finally,  there  is  a  constraint  stemming  from  the  understandable  focus  on 
the  potential  of  coal  mining  to  solve  most  problems  toward  achieving  the  good 
life.  When  the  aftermath  of  a  flood  has  been  cleared  away  and  the  losses 
accepted,  not  many  people  have  developed  an  insight  into  the  rcle  that 
cumulative  flooding  costs  actually  play  in  blocking  wealth  accumulation  and 
trends  toward  a  more  diversified  economy. 
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The  wider,  more  complex  linkages  among  single-industry  oscillation, 
flood  losses  and  threat,  depressed  income,  and  lack  of  public  infrastructure 
for  "take-off*  must  be  locally  understood  if  help  is  to  be  received  in  a 
partnership  working  toward  change. 
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Ill 


Implication  of  Findings 


This  study  has  produced  estimates  of  flood  damages  due  to  the 
psychological  trauma  experienced  by  persons  exposed  to  the  flood,  and  damages 
due  to  reduced  coal  mining  productivity.  The  estimated  $95  million  los3  due 
to  psychological  trauma  shows  the  serious  human  consequences  of  the  1977 
flood.  To  put  this  in  perspective,  residential  property  losses  were  estimated 
at  slightly  over  $40  million.  Forty-seven  hundred  homes  were  damaged,  600  of 
them  totally  destroyed.  Property  losses  of  $9,000  occurred  to  houses  which 
averaged  only  $11,000  in  value.  Therefore,  the  cost  due  to  psychological 
trauma  exceeded  residential  losses.  Physical  losses  to  all  categories  of 
property  totalled  totalled  $126.6  million.  We  believe  that  this  analysis 
establishes  a  logical  argument  that  non-property  flood  damages  are  a 
significant  component  of  total  damages  and  that  they  should  be  evaluated. 

Our  analysis  of  the  impact  of  flooding  on  coal  mining  productivity  shows 
that  elimination  of  the  flooding  would  result  in  a  net  increase  of  about  $25 
million  in  coal  output  from  the  valley.  The  Tug  Fork  Project  damage  survey 
showed  500  workers  were  out  of  work  for  periods  from  two  weeks  to  eight  months 
due  to  the  flood.  Two  mines  have  no*",  reopened.  Our  estimates  of  adverse 
productivity  impacts  are  cast  in  the  context  of  long  run  differentials  in 
productivity,  since  we  used  data  from  years  in  which  there  was  no  major  flood 
or  strike. 

Thus  flooding  has  substantial  adverse  economic  impacts  in  excess  of 
property  losses  and  emergency  costs.  In  the  Tug  Fork  case,  there  is  another 
category  of  Impacts  fer  which  no  estimates  have  yet  been  made.  That  is  the 
cumulative  Impact  of  five  major  floods  in  20  years  on  the  local  public 
sector's  ability  to  deliver  public  services.  There  is  a  negative  reinforcing 
cycle  working  back  from  tne  very  low  property  values  in  the  flood  plain  which 
tend  to  l.mit  revenues  to  local  government,  and  on  the  other  hand  the  special 
additional  cost  wr 1  eh  tne  community  which  must  bear  because  of  their  flood 
prone  location  and  the  occurrence  of  frequent  major  floods.  One  example,  for 
instance,  is  that  the  health  services  office  put  In  operation  at  Materwan  just 
a  year  before  the  1977  flood.  The  facility  required  a  heroic  effort  by  the 
City  Council  and  Mayor  to  obtain  funds,  build  a  building  and  recruit  health 
service  proposals  to  the  community  which  had  no  o'" her  comparable  health 
facilities.  Yet  the  building  was  lost  in  the  flood  and  two  years  later  no 
replacement  had  been  implemented.  This  is  a  small  example  of  a  large  problem. 
One  of  the  results  is  that  the  Tug  Valley  has  a  very  low  level  of  locally 
provided  public  services — a  deficiency  which  results  in  no  solid  waste 
management  program  and  pervasive  dumping  of  waste  material  along  the  roadside 
and  stream  banks. 

The  second  major  element  of  the  study  was  to  evaluate  the  feasibility 
and  Impacts  of  voluntary  relocation  and  rehousing  programs.  Here  we  found 
that  a  substantial  majority  of  the  residents  were  willing  to  participate  ii« 
voluntary  relocation.  The  problem  may  be,  under  whut  conditions?  Since  the 
Huntington  District  is  Identifying  flood  free  alternative  sites  =»  costing 
out  development  costs,  there  is  evidence  that  this  *  /pe  of  strategy  is 
physically  feasible.  Public  action  to  acquire  the  site  (which  are  In  large 
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part  owned  by  outside  firms)  is  likely  to  be  necessary.  However,  there  are 
several  examples  where  large  mining  companies,  businesses  and  other  groups 
have  found  a  way  to  provide  housing  sites.  Then  the  problem  is  to  find  site 
developers  and  housing  firms.  This  will  require  either  outside  firms  or 
development  of  the  capability  in  the  valley.  Given  housing,  the  next  problem 
is  financing.  Again,  significant  structural  changes  must  be  made  to  move  to 
the  position  of  available,  long-term  low  down  payment  and  reasonably  low 
interest  loans.  Next,  people  living  in  $11,000  houses  are  not  likely  to  be 
able  to  afford  even  modest  new  houses  in  new  sites  which  are  likely  to  cost  in 
excess  of  $50,000  for  the  house  and  the  site.  However,  there  are  many  hour.i  -v 
assistance  programs  available  from  HUD  which,  along  with  relocation  assistan  ,■ 
payments  may  close  the  gap  in  financial  feasibility.  Finally,  if  the  new 
homes  are  built  to  subdivision  standards  and  a  full  set  of  public  services 
required,  local  taxes  are  going  to  have  to  increase  substantially.  Some  HUD 
programs  may  mitigate  this  problem  but  clearly  it  could  become  a  major 
stumbling  block.  If  the  rehousing  program  is  a  success,  not  only  will  there 
be  a  sharp  reduction  in  flood  losses,  but  the  Tug  Fork  Valley  community  will 
begin  to  achieve  some  parity  in  housing  quality  with  other  comparable 
communities  of  the  United  States.  Housing  benefits  may  ultimately  exceed 
flood  damage  reduction  benefits. 

Since  the  Tug  Valley  housing  is  located  in  a  linear  strip  along  the 
river,  many  types  of  communities  are  evident.  After  Williamson,  the  largest 
community  of  about  4,000  population,  and  Matewan,  about  1,200  population, 
community  size  quickly  declines  to  a  great  number  of  very  small  communities 
with  place  names.  There  is  limited  tradition  of  active  local  decision  making 
at  the  town  level  —  because  of  a  history  of  county  level  decisions,  the 
prepondenoe  of  outside  large-scale  organization  Influences,  i.e.,  the  coal 
companies,  the  unions  and  federal  programs.  People  commute  long  distances  to 
work.  Political  organizations  seem  to  focus  on  Valley  rather  than  town 
issues.  All  of  these  factors  suggest  that  people  can  relocate  without  a 
strong  sense  of  community  loss. 

These  studies  suggest  some  guidelines  for  implementing  mixed  structural 
and  non-structural  plans.  First,  a  project  of  this  magnitude  will  involve  the 
best  that  Federal,  State  and  local  government  have  to  offer.  It  will  test 
some  of  the  program  criteria  (which  tend  to  be  written  without  areas  like  Tug 
Fork  in  mind).  Tug  Fork  has  a  limited  record  of  accomplishing  complex  public 
objectives  by  its  own  leadership.  That  leadership  must  be  stimulated  and 
developed.  Rehousing  2,000  families  is  a  Job  which  directly  affects  about  20 
percent  of  the  Valley  population.  New  communities  and  a  new  community  support 
mechanism  will  have  to  be  developed.  The  Federal  and  State  governments  must 
work  as  partners  with  local  communities.  If  the  rehousing  can  be 
accomplished,  substantial  improvements  in  the  quality  and  quality  of  life  in 
Tug  Valley  would  be  likely.  The  Valley  would  be  more  productive  and 
competitive.  Environmental  quality  and  life  quality  will  improve. 

Communities  will  be  able  to  more  nearly  master  their  own  destiny.  The  Nation 
will  gain  more  coal  and  reduce  a  dead  weight  drain  for  resources  to  supply 
social  support  services  to  people  who  cannot  compete.  Central  Appalachia  can 
assume  a  positive  role  in  national  development. 
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V.  Conclusions 


The  human  costs  of  flooding  are  large  and  have  been  quantified.  In  the 
Tug  Valley  they  are  almost  double  losses  to  residential  property.  Flooding 
can  also  increase  the  long  term  requirements  for  social  service  support  by  the 
Federal  and  State  governments.  These  expenditures  are  necessary  and 
unavoidable  given  the  needs,  but  seldom  act  to  change  peoples  ability  to 
compete. 

Voluntary  relocation  is  one  of  the  potential  solutions  to  the  Tug  Fork 
flooding  problem.  Benefits  are  due  to  reduction  of  flood  damages  and  to 
improvements  and  housing.  An  important  byproduct  will  be  communities  which 
can  finance  and  deliver  a  more  comprehensive  set  of  public  services  and 
thereby  maintain  cleaner,  safer  communities.  We  have  found  that  voluntary 
relocation  can  be  implemented.  A  large  majority  of  the  people  are  willing  to 
move  away  from  the  flooding  hazard.  They  can  form  new  communities  without  a 
great  sense  of  loss  of  the  old  community.  Tug  Fork  residents  have  moved — from 
the  hollows  to  the  highways — and  from  Tug  Fork  to  industrial  cities  and 
return.  Therefore,  voluntary  relocation  cannot  have  serious  adverse  impacts. 

Rehousing  20  percent  of  the  Tug  Fork  community  is  a  large  task.  The 
Valley  is  not  now  equiped  with  the  kind  of  development,  financing,  and  house 
building  industry  to  accomplish  the  task.  Development  of  this  capability, 
largely  from  Valley  resources  (people  and  managerial  capacity)  should  be  an 
important  element  of  the  implementation  strategy.  Many  program  regulations 
will  have  to  be  altered  to  rationalize  this  rehousing  strategy.  Rules  written 
without  Tug  Fork  realities  in  mind  will  have  to  be  revised.  But  regulatory 
flexibility  in  this  case  of  humane  and  national  interests  would  be  both 
prudent  and  efficient. 
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A  review  of  Discount  Rate  Models  for  Evaluating 
Water  Resource  Projects 

I.  Introducton 

Under  current  procedure,  the  future  benefit  stream  of  a  water  project  must  be 
converted  into  its  present  value  for  comparison  with  its  present  and 
anticipated  costs  in  a  benefit/cost  ratio.  This  ratio  must  exceed  unity  for 
most  projects  to  be  recommended  for  Congressional  authorization.  Obviously,  a 
high  discount  rate  would  tend  to  discourage  water  projects  more  severely  than 
other  projects  since  most  water  projects  are  high  in  initial  costs  and  long  in 
payback  periods.  For  over  a  decade,  the  discount  rates  used  for  water 
resource  planning  have  been  based  on  the  long-term  Treasury  bond  yields  and 
are  determined  every  July  by  the  Water  Resources  Council  in  consultation  with 
the  Treasury.  The  official  rate  was  4  5/8  percent  when  the  current  procedure 
was  put  into  effect  in  1969.  Except  for  1973,  the  official  rate  has  increased 
since  1969  by  one  fourth  of  one  percent  every  year  and  now  stands  at  7  5/8 
percent  for  fiscal  1981. 

The  determination  of  an  appropriate  discount  rate  for  public  investment 
projects  has  been  and  will  continue  to  be  a  subject  of  intense  debate.  A 
joint  Congressional  committee  hearing  was  held  on  the  subject  in  1968,  from 

which  many  important  ideas  and  formulas  on  discount  rates  were  presented, 
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which  are  still  popular  today.  However,  there  is  no  agreement  in  past  and 

current  discussions  as  to  what  is  the  best  way  to  determine  a  discount  rate 
that  would  satisfy  the  economic  efficiency  criterion.  While  academic 
discussions  of  the  subject  continue,  pressure  is  mounting  for  reform  of  the 
rate  which  is  deemed  too  low  compared  with  the  current  rate  of  inflation. 
Then-President  Carter  proposed  such  a  reform  in  1977,  but  failed  to  carry 
through,  having  reversed  his  position.  While  the  new  administration  has  not 
yet  taken  any  formal  stand  on  the  discount  rate  policy,  the  discount  rate  is 
expected  to  be  subject  to  high-level  policy  review. 

The  lack  of  agreement  on  an  acceptable  procedure  and  a  single  discount  rate 
over  more  than  a  decade  is  largely  due  to  the  complexity  of  our  economic 
system.  Unlike  the  situation  in  a  simplified  competitive  economy,  there  is 
more  than  one  interest  rate  in  a  mixed  economy  because  the  capital  market  is 
imperfect  and  there  is  divergence  between  public  and  private  values.  The 
rates  of  return,  including  interest  rates,  can  be  quite  different  from  one 
business  to  another  -  reflecting  the  differences  in  risks  and  uncertainty, 
taxes,  and  institutional  constraints.  Since  a  representative  rate  of  interest 
cannot  be  directly  observed  in  the  market,  various  models  were  constructed  to 
explain  the  differences  and  to  infer  what  may  be  considered  a  reasonable 
estimate  of  the  appropriate  interest  rate. 

The  discount  rate  models  selected  for  review  here  may  be  identified  under 
t’  categories:  the  social  rate  of  time  preference  model,  the  cost  of 
borrowing  model  and  the  opportunity  cost  model.  Before  the  review  some 

definitions  of  the  terms  used  in  this  paper  are  presented. 
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1.  Discount  rate"  refers  to  the  rate  for  use  in  converting  future  values 
(benefits  or  costs)  into  their  present  worth.  In  a  purely  competitive 
economy,  the  discount  rate  is  assumed  to  be  identical  with  the  market  interest 
rate  or  the  rate  of  return. 

2.  "Interest  rate"  refers  to  the  cost  of  borrowing  money,  expressed  in 
percentages  of  the  principal.  Under  the  assumption  that  an  investor  must  earn 
as  much  as  the  cost  of  borrowing  money  measured  by  the  interest  rate,  the 
market  interest  rate  is  advocated  by  many  writers  as  the  appropriate  discount 
rate  for  the  analysis  of  public  projects  and  hence,  interest  rate  is  used 
synonymously  with  "discount  rate"  in  the  context  of  public  investment 
analysis.  In  other  words,  when  the  term,  interest  rate,  is  used 
interchangeably  with  the  discount  rate  it  is  implied  that  the  interest  rate 
chosen  (usually  market  rate  adjusted  for  risks  and  inflation)  is  -  or  should 
be  -  the  discount  rate.  To  avoid  confusion,  this  paper  uses  the  term, 
interest  rate,  in  its  common-sense  definition:  the  cost  of  borrowing  money. 

3.  "Rate  of  Return"  refers  to  the  money  return  on  invested  capital 
(fixed  assets).  As  used  in  the  literature,  it  represents  the  profit  margins 
on  an  annual  basis,  before  or  after  taxes. 

II.  Determinants  of  Interest  Rate 

Since  interest  rate  is  a  crucial  consideration  in  the  determination  of  an 
appropriate  discount  rate  for  public  investment  analysis,  it  may  be  helpful  to 


say  a  few  words  abouC  how  interest  rates  are  determined,  as  explained  in 
economics  literature. 

The  classical  economic  theory  holds  that  interest  is  the  price  of  borrowing 
money  or  the  reward  for  saving.  The  interest  rate  equates  the  supply  of  funds 
saved  by  households  to  the  demand  for  funds  by  businesses  and  households.  In 
other  words,  the  equilibrium  rate  of  interest  is  determined  in  the  competitive 
economy  where  the  supply  of  saving  by  households  equals  the  demand  for 
investment  by  businesses. 

A  new  theory  of  interest  emerged  after  the  Great  Depression  of  the  thirties. 
The  new  theory  is  an  important  part  of  the  Keynesian  general  theory  of  income 
and  employment  which  has  had  considerable  influence  on  contemporary  fiscal  and 
monetary  policies  of  the  United  States.  The  theory  holds  that  the  rate  of 
interest  is  determined  by  the  demand  for  and  supply  of  money.  On  the  demand 
side,  the  demand  for  money  is  determined  by  the  marginal  efficiency  of 
Investment  (or  profitability)  which  must  exceed  the  rate  of  interest  for 
investment  to  take  place.  On  the  supply  side,  the  supply  of  money  is 
determined  by  the  liquidity  preference  and  the  quantity  of  money.  The 
liquidity  preference  is  found  relatively  stable  over  time.  The  quantity  of 
money,  on  the  other  hand,  is  determined  by  the  monetary  authority  and  the 
central  bank  through  its  control  over  open  market  operations,  reserve 
requirements  and  other  factors. 

The  important  thing  to  remember  from  the  new  theory  is  that  under  a  less-than- 
full  employment  condition,  the  Government  can  increase  the  money  supply,  thus 

lower  the  Interest  rate  and  stimulate  the  investment  demand,  rather  than 
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leaving  Che  market  to  seek  its  own  equilibrium.  In  recent  years,  the 
Government  has  played  an  increasingly  decisive  role  in  both  the  financial  and 
capital  markets  and  thus  exerted  much  more  influence  on  the  market  interest 
rate  than  ever.  We  will  complete  this  introductory  section  by  providing  a 
glimpse  of  the  trends  in  various  measures  of  return  to  capital,  cost  of 
capital  and  discount  rate. 

Chart  1  is  a  geographic  presentation  of  such  measures,  including  the  official 
WRC  discount  rates  for  water  projects.  Several  observations  may  be  made: 

(1)  Between  1970  and  1978,  there  was  a  stable  relationship  between  the 
official  WRC  discount  rates  and  the  private  and  Treasury  long-term,  and 
Treasury  constant  maturity  bond  yields  as  a  group.  (2)  Between  1970  and  1978, 
the  official  WRC  discount  rates  were  not  found  to  be  lower  than  2  percent 
points  of  the  Treasury  bonds  at  constant  maturity.  (3)  The  rates  of  return  to 
manufacturing  corporations  showed  an  average  of  6-7  percent  during  the  period 
1970-78,  with  a  sharp  decline  in  1973  and  1974.  (4)  The  official  WRC  discount 

rate  of  6  3/4  for  fiscal  1978  coincided  with  the  average  rate  of  return  for 
manufacturing.  (5)  The  bond  yields  and  interest  rates  rose  sharply  since  1978 
and  are  continuing  to  rise,  reflecting  the  effects  of  inflation. 
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III.  Impacts  of  Interest  Rate  on  Benefits,  Costs  and  the  Benefit/Cost  Ratio 

The  interest  rate  directly  determines  the  amount  which  must  be  deposited  each 
year  to  repay  a  project.  The  interest  and  ammortization  factor  converts  a 
capital  investment  cost  into  annual  costs.  Interest  rates  also  determine 
future  values.  Benefits  in  future  years  are  discounted  to  present  values  at 
the  appropriate  interest  rate  and  converted  to  average  annual  equivalent 
values  to  be  compared  with  annual  costs  in  the  B/C  ratio. 

The  impact  of  increases  in  interest  rates  is  to  increase  annual  costs 
approximately  in  a  linear  relationship  with  the  change  in  interest  rates  and 
to  reduce  the  annual  value  of  future  benefits  by  considerably  more  than  a 
linear  relationship.  Thus  the  benefit/cost  ratio  is  impacted  in  both 
parameters  in  an  increasing  function. 

These  impacts  are  magnified  by  the  length  of  time  in  which  benefits  are 
increasing,  by  the  ratio  of  first  costs  to  annual  operation  costs,  and  by  the 
design  life  for  an  Investment  project.  Projects  which  have  a  high  initial 
capital  cost  show  a  highly  sensitive  reduction  in  the  benefit/cost  ratio  as 
interest  rates  increase.  Future  benefits  are  sharply  reduced  by  increased 
interest  rates.  Long  design  life  is  at  an  increasing  disadvantage  as  interest 
rates  increase. 

The  fundamental  influence  on  future  benefits  is  shown  in  Figure  2.  The 
present  worth  of  a  dollar's  worth  of  benefits  at  some  future  time  is  (1+I)C, 
where  I  is  the  interest  rate  and  t  is  time.  The  fraction  declines  by  a 
compound  rate  and  asymptotically  approaches  zero.  At  year-10,  a  dollar  is 


The  following  tabulation  shows  the  impact  of  various  interest  rates  on  the 
average  annual  costs  of  a  project  costing  a  million  dollars  for  construction 
and  $20,000  annual  operation  and  maintenance  (0&M).  The  changes  in  annual 
costs  are  approximately  linear  with  respect  to  the  interest  rate. 


Change  in 


Interest  Int.  and  O&M  Total  Interest  Annual 

Bate  A— ort.  _  _  _  Costs 

0  10,000  20,000  30,000 

3  31,650 

3  31,650  20,000  51,650 

6  38,430 

7  70,080  20,000  90,080 

3  29,927 

10  100,007  20,000  120,007 

3  29,993 


13 


130,000 


20,000 


150,000 


The  following  tabulation  shows  the  impact  of  various  interest  rates  on  the 
average  benefits  of  a  100-year  project  in  which  benefits  increase  on  a 
straight  line  from  0  at  the  beginning  year  to  $1,800,000  per  year  at  year  100 


Interest  Kate 

0 

3 

7 

10 

13 


Discount  Factor 

0.5 

0.2024 

0.1517 

0.10997 

.08607 


Average  Annual 
Benefits 

900,000 

364,320 

273,060 

197,946 

156,456 


Change  in  Benefits 


535,680 

91,260 

75,114 

41,490 


There  is  a  non-linear  relationship  between  change  in  the  interest  rate  and 
change  in  the  average  annual  benefits  accruing  from  future  increases  in 
benefits. 


The  following  tabulation  shows  the  impact  of  various  interest  rates  on  the 
average  annual  benefit/cost  ratio  of  the  project  shown  in  the  preceding 

paragraphs. 


Interest  Rate  Annual  Benefit/Cost  Ratio 

Benefit  Costs  _ 


0 

900,000 

30,000 

30 

3 

364,320 

51,650 

7 

7 

273,060 

90,080 

3 

10 

197,946 

120,007 

1.6 

13 

156,456 

150,001 

1.005 

Interest  rate  has  other  Important  impacts  on  project  design  and  choice  between 
alternatives.  Increase  in  the  interest  rate  will  drive  the  design  of  projects 
towards  short  life  and  high  O&M.  This  can  easily  be  shown  in  the  following 

tabulation.  It  shows  one  project  costing  one  million  dollars  for  construction 
and  $20,000  annual  0&M  over  a  100-year  economic  life  compared  to  a  $250,000 
first-  cost  project  designed  for  a  30-year  economic  life  with  $100,000  annual 
0&M  costs.  We  assume  a  straight  line  growth  in  benefits  reaching  $1,800,000  a 
year  for  the  first  project  and  $540,000  a  year  at  year-30  for  the  second 


project 


Che  designs  which  require  more  O&M  relative  to  first  costs. 


Finally,  high  interest  rates  reduce  the  economic  merit  of  hydropower  versus 
less  capital  intensive  thermal  projects  which  use  expensive  fuels. 
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The  following  tabulation  shows  a  series  of  50-year  project  alternatives  which 
provide  the  same  benefits  and  therefore  would  be  selected  on  the  least  annual 
costs  basis. 


Project 

1 

2 

3 

First  Cost  ($000) 

1,000 

500 

250 

100 

Annual  0&M  ($000) 

50 

100 

150 

200 

Life  Cycle 

Cost  ($000) 

3,250 

5,500 

7,750 

10,100 

(Undiscounted ) 


Annual  Charges  ($000) 
Interest  Rate 


0% 

65 

110 

155 

202 

3 

89 

119 

159 

204 

7 

122 

136 

168 

207 

10 

JL50 

150 

210 

210 

13 

180 

165 

182 

213 

20 

250 

200 

200 

220 

30 

350 

250 

12251 

230 

35 

400 

275 

238 

12351 

'  AD-R136  867  PROCEEDINGS:  ECONOMIC  RND  SOCIAL  flNRLVSIS  WORKSHOP  HELD 
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RESOURCES  FORT  BELVOIR  VA  L  G  RNTLE  OCT  83  IWR-83-P-48 
UNCLASSIFIED  F/G  13/2 


While  the  comparison  has  been  run  into  extraordinarily  high  interest  rates, 
there  is  a  moral.  High  capital/low  O&M  projects  stand  to  lose  their  advantage 
in  discounted  annual  charges  as  the  interest  rate  is  raised.  The  most 
expensive  life  cycle  cost  project  (project  4)  which  costs  over  three  times  as 
much  as  project  1,  becomes  the  optimal  selection  at  a  35  percent  interest 
rate.  The  encircled  figures  show  the  optimal  selection  between  the 
alternatives  at  various  interest  rates. 

To  summarize,  using  higner  interest  rates  not  only  increases  annual  costs,  but 
also  reduces  future  benefits  by  an  even  larger  amount  and  thus  adversely 
affects  the  benefit/cost  ratio.  High  interest  rates  bias  decisions  away  from 
the  high  capital/low  O&M  projects  in  favor  of  a  higher  ratio  of  O&M  to 
capital.  Projects  of  long-run  benefits  lose  their  appeal  and  short-lived 
projects  are  encouraged.  Finally,  selection  of  alternatives  (particularly 
hydropower)  is  biased  against  high  capital-low  O&M  technologies.  Why  does  the 
interest  rate  attract  so  much  policy  attention? 

The  appropriate  interest  rate,  to  be  used  in  evaluating  and  formulating 
Government  investment  programs  has  been  and  will  continue  to  be  subject  to 
much  debate.  The  economics  profession  continues  to  play  an  important  role  in 
keeping  the  issue  and  the  debate  from  abating.  However,  the  impact  of  the 
interest  rate  used  in  planning  Government  investment  programs  is  so  direct  and 
pervasive  that  economic  advice  is  rarely  the  sole  criteria  for  policy 
decisions.  It  is  at  heart  a  fundamentally  philosophical  basis  on  which  most 
political  and  policy  factors  make  their  claims  and  ultimately  their  decisions. 


The  economist's  argument  is  simple  and  direct.  Capital  resources  can  be  used 
for  public  projects  only  by  denying  other  potential  investors  or  consumers  the 
use  of  their  resources.  Unless  the  resources  (concrete,  steel,  labor,  etc.) 
are  and  would  continue  to  be  unemployed  in  the  absence  of  the  Government 
project,  there  is  a  positive  price.  Capital  resources  would  normally  generate 
returns  to  investors  and  alternative  users  and,  therefore,  Government  projects 
should  be  undertaken  only  when  they  yield  competitive  returns.  The  interest 
rate  is  the  market's  indication  of  value  which  capital  resources  generate  in 
competitive  uses. 

It  is  easier  to  articulate  the  general  argument  for  the  correct  rate  of 
interest  than  to  determine  the  exact  number.  The  capital  market  is  not  a 
perfectly  competitive  market,  and,  therefore,  one  has  to  cope  with  a  large 
number  of  observable  interest  rates.  They  reflect  institutional  factors  and 
other  factors  which  must  be  adjusted  to  compute  the  pure  interest  rate: 

R^  -  +  risk  +  inflation  +  Institutional  +  taxes 

where  R^  -  market  rates  of  Interest 

and  *  pure  interest  rate 

That  is,  one  has  to  account  for  risk,  inflation  and  institutional  and  tax 
factors  to  come  to  a  position  from  which  a  recommendation,  and  ultimately  a 
decision  about  the  appropriate  interest  rate  would  follow. 
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In  a  later  section  of  this  paper  a  number  of  empirical  estimates  based  on 
various  models  which  represent  economists'  recommendations  for  tackling  the 
direct  interest  rate  are  presented. 

IV.  The  Social  Rate  of  Interest  Models 

a.  Political  Decisionmaking 

Marglin  (1968)  argued  for  the  social  rate  of  interest  based  on  choice  by 
political  decisionmakers.  He  argues  that  political  decisionmakers  are  the 
only  legitimate  institutional  representatives  who  can  fully  reflect  the 
interests  of  future  generations.  Therefore,  they  should  select  projects  (and 
indirectly  signal  the  implicit  interest  rate)  based  on  information  given  by 
the  planning  agency  about  rates  of  return  from  the  alternatives  which  meet  the 
objectives  of  the  public  programs.  Other  writers  have  argued  that  it  is  not 
the  interest  rate  but  the  level  of  investment  made  which  would  control  the 
distribution  of  benefits  and  cost3  between  generations.  Marglin  argued  for  a 
low  interest  rate  (about  3  percent  real  rate). 

b.  Pure  Social  Rate 

Arrow  and  Kurz  (1970)  represent  a  group  of  theorists  who  have  developed  a 
theoretically  optimal  social  rate  of  interest  in  the  context  of  a  growing 
economy.  They  view  the  problem  of  selecting  a  proper  discount  rate  as  one  of 
making  simultaneous  optimal  investment  choices  now  and  in  the  future.  A 
dynamic  programming  approach  is  suggested  to  solve  for  the  optimal  investment 
over  time  taking  into  consideration  the  natural  rate  of  growth  of  the  economy 
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and  the  fiscal  instruments  available  to  the  public  authority  such  as  debt  and 
tax  policies.  The  proper  interest  rate  under  this  theory  approximates  the 
rate  of  growth  of  the  economy,  or  the  natural  rate  of  interest. 

Following  this  logic,  the  planning  interest  rate  should  be  derived  from  short- 
run  interest  rates. 


V.  Cost  of  Borrowing  Models 

The  current  discount  rate  is  based  on  the  average  long-term  Treasury  bond 
yields  as  determined  every  July  by  the  Treasury  Department.  The  rate 
represents  the  costs  of  borrowing  to  the  Treasury.  Prior  to  1969,  such  costs 
were  determined  on  the  basis  of  the  coupon* rate  rather  than  actual  yields. 

The  coupon  rates  remained  at  the  low  level  of  3  1/4  percent  for  many  years 
although  investors  could  raise  the  yield  by  buying  the  securities  at  less  than 
face  value.  Under  intense  pressure  and  after  a  rather  extensive  Congressional 
hearing,  a  new  rate  of  4  5/8  percent  based  on  yields  was  established  to  become 
effective  for  FY  69  with  provisions  to  rise  by  not  more  than  one-fourth  of  1 
percent  annually.  The  rate  has  gone  up  every  year  since  except  for  FY  73  and 
stands  at  7  5/8  for  FY  81. 

Critics  of  the  current  practice  cost  advocates  argued  for  rates  between  7  and 
10  percent  instead  of  the  initial  rate  of  4  5/8  percent  proposed  for  FY  69. 
However,  such  arguments  were  rejected  for  three  reasons:  (1)  The  real  rate  of 
return  from  marginal  private  investment  and  real  yields  to  savers  were  in  the 
neighborhood  of  the  WRC  rate;  (2)  If  the  initial  change  were  too  large,  it 
would  entail  disrupting  adjustments  to  planning  programs,  particularly  on  cost 
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sharing  arrangements.  It  would  be  impractical  and  undesirable.  (If  the 
proposed  new  formula  were  based  on  the  average  June  prices  of  Treasury  bonds, 
then  the  FY  69  rate  would  be  5  1/4  percent,  a  difference  of  2  1/4  percent  from 
the  3  1/4  percent  then  in  existence.  Thus  the  new  rate  was  set  at  4  5/8 
percent,  limiting  the  change  to  1  3/8  percent);  and  (3)  The  degree  of  yearly 
fluctuation  in  the  discount  rate  needs  to  be  dampened,  not  accentuated. 

Critics  of  the  current  procedure  were  concerned  not  only  with  the  level  of  the 
discount  rates  but  took  issue  with  the  conceptual  basis  of  the  present 
procedure.  They  contended  that  the  current  formula  is  indefensible  except  for 
its  simplicity.  They  argued  that  borrowing  costs  to  the  Treasury  are 
merely  financial  costs,  or  budgetary  concepts  and  the  real  costs  are 
the  inputs  or  resources  that  would  have  remained  in  the  private  sector  for 
consumpton  and  investment  in  the  absence  of  Government  borrowing  and 
investing.  In  short,  it  is  the  opportunity  cost  of  capital  and  not  the 
financial  cost  of  borrowing  that  should  be  considered  in  discount  rate 
determination.  More  on  this  later. 

The  current  procedure  seems  to  perform  rather  well  over  the  years.  It  seemed 
to  work  satisfactorily  at  least  until  the  current  upsurge  in  interest  rates 
and  continuous  inflation  in  the  economy.  This  personal  impression  may  be 
supported  by  the  following  observations:  (1)  The  initial  rate  of  4  5/8 
percent  may  have  been  low  to  its  critics,  but  represented,  nevertheless,  a  42 
percent  increase  or  2  1/4  percent  higher  than  the  previous  coupon  rate  of  3 
1/4  percent,  (2)  the  discount  rates  have  somehow  caught  up  with  other 
indicators  of  the  costs  of  capital  due  to  the  annual  adjustment  mechanism. 
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(3)  from  the  development  agency's  viewpoint  few  projects  were  turned  down  on 
account  of  B/C  ratios  at  the  authorization  process;  it  was  during  the 
appropriations  process  that  actual  investment  in  water  resources  projects 
experienced  declines,  (4)  the  Administration  may  be  reluctant  to  adopt  a 
higher  rate,  as  in  the  case  of  President  Carter,  in  order  to  retain  certain 
flexibility  or  for  political  reasons.  In  other  words,  there  is  a  strong 
tendency  to  maintain  the  status  quo. 

The  GAO  Model.  A  variant  to  the  cost  of  borrowing  approach  to  discount  is  the 
theory  that  the  taxes  foregone  should  be  added  to  the  costs  of  borrowing  at 
the  capital  market  to  reflect  the  costs  to  the  Treasury.  It  is  based  on  the 
assumption  that  the  Government  would  lose  tax  revenues  it  would  have  collected 
from  businesses  and  individuals  if  they  were  not  denied  the  opportunity  to 
invest  by  virtue  of  the  Government  investment.  The  proposal  was  presented  by 
GAO  at  the  1968  hearings. 

The  GAO  discount  rate  formula  as  illustrated  in  its  report  to  the  Joint 
Economic  Committee  in  January  1968  was  determined  by  basing  it  on  the  current 
interest  cost  of  borrowing  long-term  money  (4.0  percent  in  this  illustration), 
plus  foregone  taxes  totalling  4.9  percent,  and  minus  income  taxes  collected  on 
Government  interest  payments  at  1.4  percent,  resulting  in  7.5  percent  as  the 
borrowing  cost  to  the  Treasury.  The  complete  procedure  is  fully  explained  in 
Appendix  III  of  the  original  report  and  is  reproduced  and  appended  to  this 
paper  for  ready  reference. 

In  an  alternative  method,  GAO  came  up  with  7.6  percent  as  the  cost  of 
borrowing.  This  method  was  on  an  aggregate  basis,  assuming  a  composite 
corporate  and  personal  tax  rate  of  50  percent  and  a  taxable  return  of 


10  percent  on  any  money  not  borrowed  by  the  Government,  and  subtracted  from 
above  the  taxes  on  Government  bond  interests. 

What  would  the  discount  rate  be  if  the  GAO  method  were  applied  for  the  year 
1978  (a  year  before  the  surge  in  interest  rates)?  Taking  one-half  of  the 
difference  between  the  official  WRC  rate  and  Government  long-term  bond  yields, 
and  add  this  to  the  WRC  rate  as  the  cost  of  Government  borrowing,  equals 
approximately  7.5  percent  (obtained  from  Chart  1),  plus  the  estimated  taxes 
foregone  of  5.0  percent  (same  number  used  by  GAO),  and  minus  1.4  percent  for 
taxes  on  Government  bond  interest.  This  would  yield  an  estimated 
11.1  percent  as  the  cost  of  borrowing  to  the  Government  for  FY  78. 

While  the  GAO-proposed  formula  reflects  a  position  advocated  by  some 
opportunity  cost  advocates,  some  economists  argued  that  the  GAO  formula  has 
left  out  many  other  taxes  such  as  state  and  local  sales  and  other  indirect 
taxes.  The  main  criticism,  however,  was  that  the  narrow  focus  on  costs  to 
Government  in  the  GAO  approach  should  be  broadened  to  reflect  the  costs  to  the 
economy.  To  compute  the  costs  to  the  economy  in  the  manner  of  the  GAO 
illustration,  the  overall  opportunity  cost  of  incremental  Governmental 
borrowing  to  the  economy  represents  the  sum  of  the  opportunity  cost  that  is 
lost  due  to  Government  borrrowing  in  each  relevant  sector.  The  computation  is 
shown  as  follows: 
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Source  of  Funds 

Percent  of 
Incremental 
Borrowing 

Relevant 

Opportunity 

Cost  % 

( 1 )X( 2 
% 

Displaced  corporate  investment 

50 

15.0 

7.50 

Displaced  non-corporate  investment 

25 

8.5 

2.23 

Displ.  owner-occupied  housing  const. 

15 

4.8 

0.72 

Newly  stimulated  savings 

10 

3.3 

0.33 

Overall  Opportunity  Cost 

10.68 

rounded  10.7% 


Source:  Testimony  of  Arnold  C.  Harberger,  in  Economic  Analysis  of  Public 
Investment  Decisions:  Interest  Rate  Policy  and  Discounting  Analysis,  Hearings 
before  Joint  Economic  Committee,  90th  Congress,  2nd  Session,  1968.  p.  62. 


In  all  the  proposed  formulas,  the  results  of  computation  can  vary 
significantly  not  only  because  the  basic  data  (such  as  the  initial  bond  yields 
chosen)  are  different,  but  also  because  the  definitions,  the  weights,  and  the 
assumptions  can  vary  widely  from  one  model  to  another  and  even  from  one  author 
to  another  using  the  same  model.  Substantial  research  is  necessary  if  the 
various  models  were  to  be  comprehensively  updated  by  using  currently  available 


VI .  Oportunity  Cost  Models 


The  following  section  outlines  three  major  positions  (and  interest  race 
estimates)  advanced  in  the  literature.  The  first  application  by  Seagraves 
(1969)  is  based  on  corporate  bond  yields  adjusted  for  risk  and  taxes.  The 
second  approach  by  Stockfisch  (1968)  is  based  on  pre-tax  rates  of  return  from 
assets  in  the  private  sector.  The  third  approach  by  Haveman  (1968)  is  based 
on  weighted  private  sector  interest  rates  on  household  savings  and  business 
investment. 

Adjusted  Corporate  Bond  Yields  (Seagraves  &  Hanke) 

Corporate  bond  yields  approach  by  J.A.  Seagraves  (1969)  started  out  with  an 
average  yield  on  Class  A  corporate  bonds  and  adjusted  for  risks,  corporate 
profit  and  property  taxes  and  obtained  so-called  marginal  productivity  of 
capital.  The  MPC  was  further  adjusted  for  added  savings  to  derive  the  social 
rate  of  discount  in  money  terms.  A  social  rate  of  discount  was  obtained  after 
adjustment  for  inflation.  The  result  as  shown  in  the  following  cable  yields 
8-13  percent  as  the  discount  rates. 
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Opportunity  Cost  Model  OCj,  Seagraves,  1969 
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The  author  offered  the  following  comments  on  his  computation:  (1)  The  Class 
A  corporate  bond  was  chosen  because  such  bond  is  subject  to  state  and  local 
taxes  and  its  price  has  been  more  stable  than  the  equity  stocks.  (2)  He 
favors  a  moderate  risk  factor  for  Government  investments  just  to  be  "fair"  to 
enterprises  that  are  not  as  diversified  as  the  Government  portfolios.  The 
risk  factor  was  inferred  from  a  study's  finding  that  the  average  standard 
deviation  for  returns  to  equity  in  large  industrial  firms  is  about  3  percent. 
(3)  The  effects  of  taxes  were  based  on  studies  by  Baumol  and  Stock  :ch  under 
various  assumptions.  (4)  The  author  was  in  favor  of  removing  the  T1uence  of 

inflation  on  the  discount  rate;  the  inflation  factors  represented  own  view 
at  the  beginning  of  the  Nixon  administration. 

Seagraves  did  not  explain  the  nature  of  the  negative  adjustment  for  added 
saving.  This  adjustment,  known  as  the  Harberger  effect,  also  employed  by 
Hanke  in  his  model  which  will  be  discussed  later  in  this  paper,  was  explained 
by  Hanke  as  follows:  An  Increase  in  Government  spending,  with  taxes  held 
constant,  will  result  in  a  small  increase  in  the  rate  of  interest.  This  will 
result  in  a  reduction  of  private  investment  and  an  increase  in  current 
savings.  Consumption  and  investment  are  not  permanently  lost,  however,  they 
are  only  delayed.  The  value  of  National  income  foregone  by  these  delays  is 
estimated  by  taking  the  appropriate  rates  of  interest  times  the  reduced  amount 
of  current  investment  and  consumption.  This  loss  (deferral)  will  cause  a  net 
reduction  from  the  nominal  yield  on  private  capital  production  of 
approximately  1.5  percent  (Seagraves,  1961). 

Using  the  same  model  but  substituting  the  values  on  the  yield  of  AAA  corporate 

bonds  and  on  expected  inflation,  Hanke  came  up  with  the  real  rate  of  discount 
ranging  from  8.5  to  10.5  percent  as  of  December  1978.  His  computation 


The  Opportunity  Cost  of  Capital,  December  1978 


Yield  on  Corporate  AAA  bonds 
Private  Sector  Risk  Premia 

Corporate  profit  and  property  taxes 
Opportunity  Cost  in  Production 

Adjustment  for  added  savings 
Nominal  Public  Rate  of  Discount 

Expected  Long-run  Rate  of  Inflation 

Real  Public  Rate  of  Discount 

*  Estimates  made  by  the  author  as  of  December  1978;  all  other  estimates 
taken  from  Seagraves'  1970  article. 

Sources:  Steve  H.  Hanke  and  James  Bradford  Anwyll:  On  the  Discount  Rate 
Controversy,  in  Public  Policy,  Vol  XXVIII,  Spring  1980,  p.  181. 

The  model  is  relatively  easy  to  understand  although  most  of  the  other 
parameters  are  difficult  to  determine  without  making  arbitrary  assumptions 
with  respect  to  tax  structure,  losses  from  added  savings,  and  inflation 
expectations.  This  explains  why  Hanke  has  to  rely  on  some  of  the  values  that 
were  determined  by  different  authors  a  decade  ago  when  he  estimated  a  new 
discount  rate  for  1978.  Assuming  two  different  figures  from  official 
publication  (The  Statistical  Yearbook  of  the  United  States,  1980),  8.7  for 
yield  on  corporate  AAA  bonds  rather  than  the  9.3  used  in  Hanke's  1978  estimate 
and  also  employ  the  (GNP)  price  deflator  of  6.8  percent  for  1978  instead  of 
the  inflation  factor  of  4.6  percent  in  his  calculation,  we  would  end  up  in  a 
lower  real  rate  of  discount  in  real  terms,  or  7.7  percent  compared  with 
Hanke's  10.5  percent  as  the  upper  limit. 
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Race  of  Return  on  Earning  Assets  (Stockfisch) 

The  Opportunity  Cost  Model  OC2,  as  argued  strongly  by  J.  A.  Stockfisch,  the 
rate  of  return  on  earning  assets  (asset-based  earning)  should  be  the  basis  for 
the  social  rate  of  discount.  The  following  steps  were  used  in  the  calculation 
of  the  social  rate  of  discount,  which  is  a  weighted  average  of  the  rate  of 
return  on  investment  in  assets  in  the  private  sector: 

1.  15  percent  rate  of  return  for  manufacturing  and  10  percent  for 
regulated  utilities. 

2.  Allocate  the  business  investment  in  plant  and  equipment  70  percent  to 
unregulated  sector  and  30  percent  to  regulated  sector  and  use  these  rates  to 
determine  the  weighted  rate  of  return  to  business  investment  to  be  13.5 
percent . 


3.  Add  1.5  percent  to  the  weighted  rate  of  return  for  property 
taxes.  The  resultant  15  percent  represents  the  overall  rate  of  return  in  the 
corporate  sector. 


4.  As  determined  by  separate  studies,  the  importance  of  corporate  and 
non-corporate  sectors  is  60  percent  of  the  non-corporate  sector  and  40  percent 
of  the  corporate  sector.  It  is  also  found  that  the  rate  of  return  in  the  non¬ 


corporate  sector  is  about  10  percent. 


5.  Weight  the  15  percent  corporate  return  and  the  10  percent  non¬ 
corporate  return  at  40  and  60  percent,  and  we  obtain  an  overall  estimate  of  12 
percent  as  the  rate  of  return  before  corporate  and  property  taxes  for 
investment  in  the  entire  private  sector. 

6.  Subtract  the  inflation  rate  of  of  1.6  percent  from  above  to  obtain 
the  real  opportunity  cost  of  return  of  10.4  percent. 

This  opportunity  cost  model  agrees  with  the  basic  theoretical  concept 
that  private  sector  activity  is  displaced  and  its  returns  foregone  when  public 
investment  diverts  real  inputs  from  the  private  to  the  public  sector. 

Criticism  of  this  approach  is  fundamentally  concerned  with  the  fact  that  the 
model  requires  many  basic  judgment  factors  used  to  identify  the  location  of  to 
define  and  to  weight  the  private  sector's  rate  of  return. 

Market  Rates  for  Household  Savings  and  Business  Investment  (Haveman).  The 
proponent  of  this  model,  modestly  labels  it  as  the  "preferred"  opportunity 
cost  model  on  grounds  of  both  the  soundness  of  its  analysis  and  its 
susceptibility  to  empirical  verification.  Accepting  the  proposition  that 
efficient  public  expenditures  must  demonstrate  a  social  rate  of  return  at 
least  as  great  as  that  of  the  alternative  spending  which  is  sacrificed,  the 
theory  assumes  that  public  expenditures  are  financed  through  taxes.  Hence,  it 
is  the  private  spendirc.  which  is  displaced  by  these  taxes  which  represents  the 
opportunity  cost  of  the  public  expenditures.  Because  the  incidence  of  Federal 
taxes  falls  on  both  consumers  and  businesses,  both  consumption  spending  and 
Investment  spending  get  displaced.  Thus,  the  social  rate  of  discount  must 
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reflect  the  private  sector  interest  rates  which  govern  both  household 
consumption  decisions  (time  preference)  and  business  investment-borrowing 
decisions  (rates  of  returns  before  taxes).  Estimation  of  this  rate  requires 
that  che  bundle  of  Federal  taxes  be  traced  to  its  source  in  the  various  sub¬ 
sectors  of  the  household  and  business  sectors,  and  the  observed  interest  rate 
in  each  of  these  sub-sectors  be  weighted  by  the  relative  amuont  of  spending 
displaced  in  each  by  the  imposition  of  Federal  taxes.  The  proper  discount 
ate,  then,  is  the  value  of  private  sector  spending  which  is  displaced  because 
of  taxes  implicit  in  the  public  investment  expenditure.  According  to 
Havemr.n' s  computation,  this  rate  was  equal  to  7.3  percent  for  1966.  The 
auchor  explained  that  this  rate  is  two  points  higher  than  the  5.3  percent 
calculated  for  1955  by  Eckstein  using  the  same  model.  The  difference  was  due 
the  data  sources  which  were  not  available  in  1957. 

It  would  be  hard,  if  not  impossible  to  rerun  Haveman's  model  using  the  latest 
data  sources  because  many  data  are  simply  not  readily  available  and  numerous 
assmptions  must  be  made  based  on  one's  judgment  in  order  to  compute  the  social 
rate  of  discount  under  the  grand  weighting  schemes  required  by  the  model.  But 
more  important  is  the  argument  that  correct  discount  rate  could  be  correctly 
inferred  from  the  exceptionally  complicated  structure  of  interest  rates  which 
can  be  observed  in  the  market. 

Eckstein  's  Compromise.  Eckstein  (1958)  offered  a  compromise  which  has 
considerable  merit,  although  in  1968  testimony  he  appeared  to  move  toward  the 
opportunity  cost  arguments.  Basically  his  compromise  allows  a  low  planning 
rate  offset  by  a  b/c  cutoff  to  raise  the  yield  of  projects  actually  brought 
into  the  construction  budget.  At  the  time  of  his  book,  he  derived  a  6  percent 
opportunity  cost  to  capital.  He  proposed  a  3  percent  planning  rate  and  a  1.3 


B/C  rate  cutoff  or  a  2.5  percent  planning  rate  and  a  1.4  percent  cutoff  to 
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produce  an  average  rate  of  return  to  about  6  percent.  This  position  would 
allow  long-lived  projects  to  be  formulated  and  evaluated  at  the  favorable 
rates . 

VII.  Summary  of  Discount  Rate  Estimates,  Original  and  Updated 

This  section  provides  a  summary  of  the  original  estimates  and  updated  1978 
estimates  of  the  discount  rates  reached  by  the  various  approaches  reviewed 
earlier.  Updaced  estimates  for  some  of  the  opportunity  cost  models  were  not 
calculated  because  of  the  substantial  effort  that  would  be  involved  in 
recomputation. 
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Summary  of  Discount  Rates 


Model  and  Proponents 


Original  Estimates  Our  Estimates  for  '78 


Social  Rate  of  Interest 

Marglin  N/A*  3-5  % 

Arrow  Short-term  rates  5-8  %  5-10  % 

Cost  of  Borrowing 

Treasury  Bond  Yields 
GAO 

Opportunity  Cost 

Seagraves  (AAA  Bonds) 

Stockfish  (physical  assets) 

Haveman  (displaced  private 
spending) 

Eckstein  and  Krutilla  6  %  (’68)^  NA 

1.  Agencies  would  submit  reports  based  on  sensitivity  runs  of  various  rates 

2.  Adjusted  for  inflation,  risk  and  institutional  factors 

3.  0MB  recently  estimated  cost  of  borrowing  to  be  13.5  percent. 

4.  Estimates  in  Eckstein's  testimony  before  the  1968  Joint  Economic  Committee 
Hearings,  see  Hearings,  p.  56.  (See  Hearings,  p.  56). 


8-13%2  (’69)  8-10.5% 

10.4%  (’69)  N/A 

7.3%  (’68)  N/A 


4  5/8  %  7  5/8^ 

7.5  %  11  % 
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Except  for  Che  procedure  currently  in  practice,  all  other  models  have  many 
practical  problems  in  estimating  the  risk  factor,  tax  impacts,  inflation,  and 
institutional  factors  for  determining  the  discount  rate.  For  instance  tax 
impact  analysis  is  particularly  troublesome.  According  to  one  recent  study 
based  on  reports  by  companies  to  the  SEC,  some  of  the  Nation's  largest 
companies  paid  practically  no  1980  U.S.  taxes  by  virtue  of  investment  tax 
credit,  foreign  tax  credit,  and  other  tax  provisions.  The  report  concluded 
that  the  average  tax  rate  paid  by  the  20  largest  commercial  banks  (all  but  one 
of  which  had  U.S.  profits)  was  -0.9  percent.  The  study's  findings  simply 
indicate  that  it  is  extremely  difficult  to  calculate  the  effective  tax  rates 
even  for  corporations  filing  returns  with  the  SEC  -  not  to  mention  the 
theoretical  and  practical  difficulties  of  ascertaining  the  effective  tax  rates 
for  individuals  as  a  result  of  income  tax  changes.  Several  models  of  the 
opporunity  cost  variety  make  the  claims  of  basing  on  "empirical  data"  or 
"susceptiblity  of  empirical  verification"  are,  in  fact  based  on  incomplete  and 
highly  aggregate  data  with  numerous  ambiguous  assumptions  -  and  in  many 
Instances,  on  secondary  sources  of  information. 

One  way  of  avoiding  the  interest  rate  controversy  would  be  to  change  the 
evaluation  rules  to  an  internal  rate  of  return  basis.  All  projects  generating 
non-discounted  benefits  would  have  a  positive  rate  of  return,  however  small. 
Such  a  policy  would  do  away  with  the  B/C  analysis  at  a  program-approved 
interest  rate  and,  unless  a  higher  rate  of  return  was  established  as 
acceptable,  none  of  the  critics  would  be  mollified. 


In  pracdce,  Che  internal  race  of  return  can  also  be  faulted  because  it  say 
not  provide  a  unique  optimal  scale  of  development.  Depending  on  the  path  of 

benefits  and  costs,  several  scales  of  development  may  generate  the  same  race 
of  return. 

VIII.  Conclusion 


The  discount  rate  is  crucial  to  project  evaluation  as  it  affects  the  capital 
intensity,  the  scale  of  development  and  the  feasibility  of  public  works 
projects.  A  higher  discount  rate  would  discourage  large,  capital  intensive 
and  long-lived  projects  in  favor  of  small,  less  capital  intensive  and  short¬ 
term  projects.  Application  of  a  high  discount  rate  to  projects  which,  because 
of  their  technical  nature,  require  large-scale  development  may  lead  to 
underdevelopment . 

In  theory,  an  Ideal  rate  of  discount  when  applied  to  all  public  and  private 
investment  decisions,  would  correctly  allocate  the  resources  of  the  Nation 
between  public  and  private,  and  between  present  and  future  generations.  Since 
such  an  ideal  rate  is  not  directly  observable  and  available,  various  concepts 
and  methods  have  been  employed  and  inferences  made  in  search  for  an 
appropriate  rate  of  discount.  We  will  comment  on  these  diverse  concepts 
briefly. 

a.  The  social  rate  of  interest  model  views  the  discount  rate  primarily 
as  an  allocater  of  investment  between  present  and  future  generations.  Arrow 
adds  a  new  dimension  to  this  concept  by  suggesting  a  dynamic  programming 
format  in  which  variable  short-term  interest  rates,  present  and  future  options 
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and  the  needs  for  a  growing  economy  are  considered  simultaneously. 
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b.  The  present  procedure  uses  the  average  yield  on  long-term  Treasury 
Bonds  as  the  discount  rate.  It  is  simple  to  use;  however,  the  current  trends 
since  1978  indicate  that  the  Treasury  is  increasingly  relying  on  short-term 
bonds  and  other  instruments  in  the  financial  market  as  a  way  to  finance 
deficits.  As  the  Federal  Reserve  is  reluctant  to  increase  the  money  supply  in 
fear  of  fueling  inflation,  the  current  competition  between  the  Federal 
Government  with  private  business  for  funds  in  the  same  market  has  caused  the 
long-term  bond  market  to  deteriorate.  While  the  implications  of  the  new 
trends  in  Federal  financing  are  unclear,  the  real  interest  rate  (lowest  risk 
and  without  inflation)  has  climbed  from  a  long-run  value  of  about  3  percent  to 
5-7  percent,  in  part  due  to  the  severe  disruptions  to  savings  and  investment 
patterns  resulting  from  persistant  high  inflation  and  unemployment. 

c.  The  basic  thrust  of  the  opportunity  cost  models  is  that  private 
investment  is  displaced  by  public  investment  and  that  the  expected  rate  of 
return  to  the  displaced  private  investment  should  be  the  basis  for  a  properly 
designed  rate  of  discount.  Since  the  expected  rate  of  return  of  a  private 
enterprise  reflects  elements  of  risk,  taxes,  and  inflation  as  well  as  a  normal 
return  to  investment,  various  attempts  have  been  tried  for  removing  many 
effects  to  arrive  at  a  real  rate  of  return.  A  variant  of  the  opportunity  cost 
model  is  the  belief  that  the  effective  interest  rates  facing  individuals  in 
various  income  tax  classes  corresponding  to  Government  tax  increases  (or 
decreases)  for  financing  project  expenditure  should  be  the  basis  for 
discounting. 

The  opportunity  cost  models  appear  to  have  the  support  of  many  economists  who 
view  the  problem  of  selecting  a  discount  rate  to  be  the  determination  of  the 
yields  that  alternative  private  investment  can  generate.  This  position,  to 


the  degree  that  it  is  based  on  the  notion  that  Government  borrowing  completely 
displaces  private  borrowing,  is  -  to  a  substantial  degree  -  faulty.  The 
current  Council  of  Economic  Advisors  has  presented  papers  recently  arguing 
that  the  displacement  theory  is  not  supported  by  empirical  proof.  In  the 
meantime,  the  Nation  is  suffering  from  low  productivity  from  human  and  natural 
resources.  As  pointed  out  by  Marglin  (1968),  many  Government  investment 
projects  complement  rather  than  displace  private  investment  and  some 
Government  investments  represent  re-investment  of  returns  from  previous 
investments. 

Realizing  the  conceptual  as  well  as  the  practical  measurement  problems  of 
determining  an  appropriate  discount  rate  as  discussed  earlier,  the  choices 
are:  to  raainain  the  status  quo,  to  raise  the  present  rate  or  to  reduce  it. 

The  last  option  is  ruled  out  in  the  present  planning  environment  although  the 
measured  productivity  in  the  U.S.  economy  (Abramovitz,  1981)  and  the  rates  of 
return  for  U.S.  manufacturing  corporations  and  non-f inancial  corporations  have 
been  on  the  decline  (Holland  and  Meyers,  1979)  in  recent  years. 

Maintaining  the  status  quo  would  impose  no  burdens  on  planning.  It  would  give 
the  President  and  Congress  flexibility  in  selection  of  projects  according  to 
the  preferences  of  the  decisionmakers. 

A  moderate  increase  in  the  present  rate  would  be  more  in  keeping  with  the 
current  trends  in  interest  rates  and  bond  yields  and  with  the  reality  chat 
there  is  stiff  competition  for  Federal  funds  for  defense  and  other  Federal 
programs.  A  rate  higher  than  10  percent  has  considerable  appeal,  but  may  be 
difficult  to  justify  because:  (L)  the  real  cate  of  return,  as  seen  in 
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Chart  1,  was  7  or  8  percent  on  average  for  the  past  five  years  and  (2)  a 
higher  rate  would  result  in  accentuating  the  inflation  expectations  and 
disrupt  program  planning. 

An  alternative  to  changing  the  present  rate  may  be  to  raise  the  B/C  ratio 
cutoff  for  above  1  for  funding  priority  but  to  keep  the  present  discount  rate 
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/.I’PENDIX  III 
Page  1 


ILLUSTRATION  OF  CALCULATION  Or  TOTAL  COST 
TO  THE  COVERM.'iE.NT  OF  BORROWED  FUNDS 


METHOD  I 

Trio  cm  rent  Interest  cos;  of  borrowing  long¬ 
term  money  la  approximately  5  percent.  The  moving 
avernge  rate  specified  by  Senate  Document  N7  is  cur¬ 
rently  about  3.2  percent.  Therefore,  a  rate  of  in¬ 
terest  approximately  halfway  between  5.0  and  3.2 
could  be  used  for  Initial  consideration  as  the  Gov¬ 
ernment  coat  of  borrowed  money.  4.0‘Z. 

Add  to  this  cost : 

1.  Corporate  tax«ra  foregone  by  the  Government 
if  the  average  corporate  return  on  invest¬ 
ment  is  12  percent  before  r.nxcs^,  if  the 
fraction  of  dollars  borrowed  by  the  Govern¬ 
ment  ./hich  would  hove  gone  into  corporate 
investment  is  65  percent^,  and  if  the  'Mar¬ 
ginal  corporate  tax  rate  is  40  percent. 

(.12)  (.65)  (.4)  3.H 

2.  Personal  taxes  foregone  by  the  Government 
if  the  average  return  on  proprietorship, 
personal  income-producing  invc:.uv-i’‘,;,  etc., 
is  such  that  the  remain  lag  35  perron r  el 
money  borrowed  by  the  Government  uocid  have- 
earned  a  10-percent  icruvn  lor  tlu  perrons 
taxed,  and  if  such  return  would  be  taxed  ul 
a  cemposlte  marginal  rn< e  of  30  percent  .  1 

(.1)  (.35)  (.2)  l.Of 

3.  («)  Taxes  for  gone  ly  t.h-  Govern/.'  nc  on 
dividends  th.it  would  h.  vc  been  re"elvcu  by 
individuals  ^tom  rorpi.m.i  i  ona  ti  Rise  com¬ 
posite  marginal  tax  rule  ap"l  .c  i.ji  to 
individual-  l.,  sG  per  cut,  if  the  ta.-mllr 
dividends  puyo.it  3  40  pci  cent  of  ;■ ge i  a r  «■ 
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profits  after  taxes ,  and  it  the  assump¬ 
tions  as  co  corporate  earnings  and  the 
marginal  tax  rate  shown  above  un-cr 
(1)  arc  applicable.  The  marginal  corpo¬ 
rate  tax  rate  is  assumed  to  be  40  percent 
therefore  60  percent  of  corporate  earn¬ 
ings  is  assumed  available  to  the  corpo¬ 
ration  for  payment  of  dividends. 

(.3)  (.4)  (.12)  (.65)  (.6)  =  .61 

(b)  Personal  taxes  foregone  by  che  Govern¬ 
ment  If  the  corporate  investment  is 
financed  by  bonds  rather  than  by  corpo¬ 
rate  earnings,  if  corporate  bonds  carry 
an  interest  rote  of  5  percent,  if  the 
fraction  of  dollars  borrowed  by  the  Gov¬ 
ernment  which  would  have  gone  into  cor¬ 
porate  investment  is  65  percent,  and  if 
the  composite  marginal  tax  rate  applic¬ 
able  to  individuals  is  30  percent. 

(.05)  (.65)  (.3)  =  1.01 

(c)  Actual  overall  financing  arrangements 
by  corporations  will  generate  car.  reve¬ 
nues  under  both  (a)  and  (b) ,  therefore 
the  cost  to  the  Government  may  be  as¬ 
sumed  to  be  somewhere  between  .6  eer- 
cent  and  1.0  percent,  say  about 

Subtract  from  this  cost: 

1.  Income  taxes  collected  on  Government  in¬ 
terest  payments,  if  investment  in  bonds 
(see  rate  above  of  /i  percent)  arc  divided 
between  corporations  and  Individuals  in  such 
a  way  that  the  tnx  rite  is  35  percent. 

(.04)  (.35) 
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METHOD  II 


On  an  aggregate  basis,  n  similar  result  may  be 
ccrpuced  Assuming  a  composite  corporate  ami  personal 
marginal  tax  rate  of  50  percent''  and  a  taxable  re¬ 
turn  of  10  percent  on  any  money  not  borrowed  by  the 


Government. 

(.5)  (.1)  5.01 

Cost  of  Government  borrowing  (see  explanation 

under  Method  I)  4.01 

Less  taxes  on  Government  bond  interest  (.04) 

(.35)  (see  explanation  under  Method  i)  —V . 41 

Cost  to  Government  7.61 


V,ri  ous  economists  have  examined  rates  of  return  before 
taxes  in  the  private  sector.  Stockfisch  (see  footnote  on 
page  7),  arrives  at  an  average  of  13.5  percent.  Stingier, 
National  Bnuau  ot  Standards,  determiner  a  rate  of  14  per¬ 
cent.  Variations  in  this  estimate  result  from  considera¬ 
tion  of  differing  time  periods,  weighting,  etc.  Our 
estimate  of  i/1  percent  used  for  this  appendix  is  somev/hat 
conservative  in  comparison  with  the  recent  experience 
noted  by  these  economists. 

'^Scr  Raymond  Goldsmith's  "Flow  of  Capital  Funds  in  the  Post 
war  Economy,"  National  Bureau  of  Economic  Research,  li‘65, 
'..•acre  a  table  of  gross  capital  consumption  by  major  seg¬ 
ments  of  the  economy  is  shewn.  Wc  arc  interested  here  in 
capital  consumption  for  purposes  of  productive  investment. 
Most  household  borrowing  con  be  excluded  as  investment  in 
consumption  which  would  ai-;o  resuic  from  payments  by  the 
Government  to  labor  involved  in  Government  programs. 

State  and  local  capital  consumption  can  be  left  cur  of 
this  consideration.  The  corporate  snare  of  the  remainder 
is  appro.” i ...  i to ly  65  percent. 

'A  table  oL  r.csrginal  tax  rates  for  various  income  level  3  la 
contained  In  a  stuoy  dor.*1  by  the  Institute  for  Defense 
Analyses  for  the  Office  of  Economic  Opportunity,  as 
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summarised  la  "R-U6,  Federal  Poverty  Program,  Assessment 
end  Rccoinmcndat  loon January  1966.  This  document  shows 
that  the  average  virginal  rate  is  approximately  30  per¬ 
cent  for  the  higher  income  levels,  from  which  personal 
income-producing  investments  tend  to  originate. 

Tills  is  a  rough  composite  marginal  rate  for  corporate  and 
personal  taxpayers  that  provides  approximately  for  the 
separate  estimates  shown  In  1,  2,  and  3  for  Mechod  I. 


» 


As  the  following  table  illustrates,  the  Treasury's  borrowing 
costs  have  been  steadily  on  the  rise,  with  the  March  1981  Treasury 
rate  at  13.12  percent. 

U.S.  Treasury  Constant 
Maturity  Yield  Races 
(1958-81)  (note  a) 


Year 

Rate 

Year 

Rate 

Year 

Rate 

1958 

3 . 32 

1966 

4.92 

1974 

7.56 

1959 

4.33 

1967 

5.0  7 

1975 

7.99 

1960 

4.12 

1968 

5.65 

1976 

7.61 

1961 

3.88 

196  9 

6.67 

1977 

7.42 

1962 

3.95 

1970 

7.35 

1978 

8.41 

1963 

4.00 

1971 

6.16 

1979 

9 . 44 

1964 

4.19 

1972 

6.21 

1 980 

11.46 

1965 

4.28 

1973 

6  -  84 

1901 (Mar . ) 

13.12 

a/Departr,ient  cf  the  Treasury,  Board  of  the  Federal  Reserve  System 
—  Capital  Market  Rates. 
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RATE  OF  RETURN  TO  CAPITAL 


Table  I — Estimated  Real  Rates  of  Return  for  Manufacturing  Corporations 
and  All  Nonfinancial  Corporations,  1946-78 
(Shown  in  Percent) 


Manufacturing  All  Nonfinancial 


After-Tax 

Year  Return  to  Return  on 
Investors  Capital 

Effective 
Tax  Rate 

Before-Tax 
Return  on 
Capital 

Return  to 
Investors 

After-Tax 
Return  on 
Capital 

Effective 
Tax  Rate 

Before-Tax 
Return  on 
Capital 

1947 

-0.6 

9.4 

55.7 

16.8 

-5.1 

7.0 

52.1 

14.6 

1948 

2.5 

9.6 

44.6 

17.7 

22 

9.0 

44.2 

16.1 

1949 

18.3 

10.1 

37.9 

16.1 

17.1 

8.4 

38.7 

13.7 

1950 

28.7 

8.3 

58.2 

20.1 

17.7 

7.2 

55.4 

16.1 

1951 

20.9 

7.7 

63.4 

21.0 

13.0 

6.3 

61.5 

16.2 

1952 

16.9 

7.0 

57.7 

16.5 

14.7 

5.9 

56.5 

13.6 

1953 

-2.5 

6.3 

61.3 

16.1 

-0.7 

5.2 

59.3 

12.7 

1954 

56.9 

6.6 

52.9 

14.0 

42.6 

5.7 

51.7 

11.9 

1955 

34.9 

8.7 

52.8 

18.5 

24.4 

7.3 

50.8 

14.8 

1956 

4.7 

7.0 

53.9 

15.2 

1.9 

5.9 

53.2 

12.7 

1957 

-13.5 

6.5 

52.4 

13.7 

-10.6 

6.0 

51.3 

11.5 

1958 

39.6 

5.1 

51.0 

10.4 

33.8 

5.0 

49.4 

9.8 

1959 

10.8 

7.8 

49.5 

15.5 

8.3 

6.4 

48.4 

12.4 

1960 

-2.6 

7.2 

48.5 

13.9 

0.3 

6.1 

46.9 

11.4 

1961 

25.2 

6.8 

49.5 

13.4 

22.1 

6.0 

47.2 

11.4 

1962 

-10.5 

8.9 

44.8 

15.7 

-7.3 

7.7 

41.7 

13.1 

1963 

21.2 

9.5 

45.0 

17.3 

16.7 

8.2 

41.6 

14.0 

1964 

14.8 

10.8 

42.1 

18.8 

13.1 

9.3 

38.7 

15.2 

1965 

10.6 

12.6 

41.4 

21.5 

62 

10.3 

37.6 

16.5 

1966 

-13.1 

12.5 

41.3 

21.4 

-11.6 

10.2 

37.5 

16.3 

1967 

20.9 

10.7 

39.5 

17.6 

14.7 

9.1 

36.5 

14.3 

1968 

5.2 

9.7 

44.8 

17.6 

4.7 

8.3 

40.9 

14.1 

1969 

-13.6 

7.8 

46.1 

14.5 

-14.5 

12 

41.9 

12.4 

1970 

-0.1 

5.8 

43.1 

10.1 

1.7 

5.9 

39.8 

9.8 

1971 

11.0 

6.3 

43.6 

11.2 

10.1 

6.2 

39.0 

10.1 

1972 

14.5 

7.8 

41.5 

13.4 

12.4 

7.1 

36.8 

11.2 

1973 

-20.8 

7.0 

46.3 

13.1 

-19.7 

6.5 

40.0 

10.9 

1974 

-31.4 

2.7 

66.4 

8.0 

-31.9 

4.3 

47.9 

8.2 

1975 

22.8 

5.3 

39.7 

8.7 

21.4 

5.5 

37.7 

8.8 

1976 

16.9 

6.3 

43.7 

11.2 

17.4 

5.8 

40.0 

9.7 

1977 

-12.9 

6.7 

43.8 

12.0 

-11.7 

6.1 

39.8 

10.1 

1978 

-3.3 

6.7 

44.0 

11.9 

-4.7 

6.0 

41.0 

10.2 

1947-50 

12.2 

9.4 

49.1 

17.7 

8.0 

7.9 

47.6 

15.1 

1951-54 

23.1 

6.9 

58.8 

16.9 

17.4 

5.8 

512 

13.6 

1955-58 

16.4 

6.8 

52.5 

14.5 

12.4 

6.1 

51 2 

12.2 

1959-62 

5.7 

7.7 

48.1 

14.6 

5.9 

6.6 

46.1 

12.1 

1963-66 

8.4 

11.4 

42.5 

19.8 

6.6 

9.5 

38.9 

15.5 

1967-70 

3.1 

8.5 

43.4 

15.0 

1.7 

7.6 

39.8 

12.7 

1971-74 

-6.7 

6.0 

49.5 

11.4 

-7.3 

6.0 

40.9 

10.1 

1975-78 

5.9 

6J 

42.8 

11.0 

5.6 

5.9 

39.6 

9.7 

Mean 

8.5 

7.9 

Average  for  the  Period  1947-78 

48.3  15.1  6.3 

6.9 

45.2 

12.6 

Standard 

Deviation 

18.8 

2.1 

13 

3.6 

15.8 

1.5 

12 

2.4 
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THE  EFFECT  OF  INTEREST  RATES  ON  THE  ECONOMIC  ANALYSIS 


OF  THE  GREGORY  COUNTY  PUMPED  STORAGE  FACILITY 


Chrisopher  P.  Knievel ,  Economist 
Omaha  District 


THE  EFFECT  OF  INTEREST  RATES  ON  THE  ECONOMIC  ANALYSIS 
OF  THE  GREGORY  COUNTY  PUMPED  STORAGE  FACILITY 

As  a  rule  raising  the  discount  rate  under  whicn  a  project  I 

alternative  is  analysed  has  an  adverse  effect  on  the 
feasibility  of  the  alternative,  i.e.  an  alternative  viacle  at 

a  low  rate  may  not  be  viable  at  a  high  rate.  The  primary  I 

reason  for  this  is  that  benefits  are  essentially  fixed  while 
annual  costs  increase  because  of  higher  interest  during  con¬ 
struction  and/or  amortization  of  the  project  costs.  I 

Hydropower  projects  are  an  exception  to  this  rule  because 
of  the  way  project  benefits  are  determined.  This  can  be 

demonstrated  using  the  economic  analysis  of  the  Gregory  County  I 

Pumped  Storage  Facility  which  is  proposed  by  the  Omaha 

District. 

The  proposed  site  is  located  on  the  left  bank  of  the  I. 

Missouri  River  in  Gregory  County,  South  Dakota  as  shown  in 
Figure  1.  The  forebay  of  the  project  would  be  on  the  plateau 

about  600  feet  above  the  surface  of  the  afterbay,  Lake  Francis  I' 

Case.  Peaking  power  from  the  project  would  be  supplied  to  the 
Miccontinent  Area  Power  Pool  (MAPP. )  Total  capacity  would  be 
E'360  MW. 

The  project  would  be  built  in  two  stages  of  1, iS0  MW  each 
as  shown  in  Table  1.  This  was  done  to  reduce  interest  during 
construction  and  oetter  match  the  forecast  need  for  peaking 

power  in  MAPP.  The  total  cost  of  the  project  in  1986  dollars  ] 


would  be  ♦1,843,891,000. 


Figure  1 

Big  Bend  Dam  I 


County  Hydroelectric 
id  Storage  Facility 


TABLE  1 


GREGORY  COUNTY  INVESTMENT  COSTS  (*000) 


St age_^_ 

5t aae  £ 

Total 

1985 

*  3,117 

*  3,117 

1966 

9,  834 

9,  834 

1987 

6£, £78 

££, £76 

1988 

153, 876 

153, 676 

1989 

159, 93£ 

*  £, £40 

1 6£, 1 7£ 

1990 

c.  t-i  1  j  vi  1 7 

1 5, £3£ 

£46, 549 

1991 

1 17, 40£ 

91, 056 

£08, 458 

199£ 

40, 109 

151, 394 

191, 503 

1993 

159, 963 

159, 963 

1994 

1 i£, 995 

1 1£, 995 

1995 

10£, 537 

10£, 537 

1996 

_78l689 

Total 

*777, 665 

*714, 106 

1, 491, 971 

Interest  During 

Construction  at 

7  5/8-/. 

17£, 79£ 

167, £65 

340, 057 

Mit igat ion 

_ 10l863 

Total  Cost 

*961, 5£0 

*881, 371 

*1, 84£, 691 

Total  investment 

costs  of  Stage 

1  wo u  1  d 

De  *961 , 5£( 

as  shown  in  Table  £.  <Since  the  economic  analysis  of 

TABLE  £ 

SUMMARY  OF  STAGE  1  ANNUAL  COSTS  (*000) 


Total  Investment  Costs 
Annual  Interest  and  Amortization 
Annual  M&R 
Annual  Pumping  Cost 
Unescalated 
Escalated 
TOTAL  ANNUAL  COST 
Unescalated 
Escalated 


*961, 5£0 


75, ££4 
1,711 


35, 350 
65, 364 


*1  IE, £65 
*  1  4  £' ,  319 
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,  000 
both 


Stage  1  arid  Stage  S'  are  almost  the  same  only  Stage  1  will  be 
discussed  for  the  sake  of  simplicity.)  Annual  interest  and 
amortization  over  Si?  years  at  7.635  percent  would  be 
$75,  ££'4,  000  and  annual  M&R  would  be  $1,711,000. 

Annual  Dumping  costs  are  the  energy  which  is  used  during 
off  pean  hours  to  pump  the  water  into  the  forebay.  Two  costs 
are  shown.  The  first,  $35,350,000,  is  the  cost  in  1983  dollars 
without  forecast  increases  in  the  real  price  of  electricity 
produced  by  coal-fired  plants.  The  second  cost,  $65,384,000 
does  take  forecast  increases  into  account.  It  is  simply 
$35,350,000  multiplied  by  1.85,  the  real  fuel  cost  escalation 
factor  for  coal.  The  real  fuel  cost  escalation  factor  was 
calculated  using  the  compound  annual  real  fuel  price  escala¬ 
tion  snowri  in  Table  3.  Coal  is  compounded  forward  to  the  end 
of  the  project  life  and  then  discounted  back  to  the  first  year 
of  project  operation  using  the  project’s  interest  rate,  7.635 


TABLE  3 

COMPOUND  ANNUAL 

REAL  FUEL  PRICE  ESCALATION 

ANNUAL  INCREASE  IN 

Bi3QirJI_QE_5£BL_FyEL_cosT 

TIME  INTERVAL  OIL  COAL 


1980-1985 
1985-1990 
1990-3010 
301 0-3030 


3.  38  9.  55 

3.  93  1 . 66 

4.  13  0.  61 

0  0 


real  fuel  cost  escalation 


18 


per  ■'ent . 


Thus,  the 


fact  or  can 


change  because  of  the  interest  rate  and  the  timing  of  the 
project  life. 

There  are  two  total  annual  costs  for  Stage  1.  The  first, 
$  1 12,  £85, 000  is  based  on  unescalated  annual  Dumping  costs 
while  the  second,  $142,319,000  is  based  on  real  fuel  cost 
escalat ion. 

Table  4  summarizes  the  annual  benefits  of  Stage  1.  The 
annual  capacity  benefits  is  essentially  the  annual  interest 
and  amortization  of  the  oil  and  coal-fired  alternatives, 
$29,512,000  and  $165,047,000  respectively.  Because  coal-fireo 
plants  are  relatively  expensive  to  build  their  annual  cost  is 
high  while  that  of  oil  is  low. 

TABLE  4 

SUMMARY  OF  STAGE  1  ANNUAL  BENEFITS  ($000) 

Annual  Capacity  Benefits  $  29,512  $165,047 

Annual  Energy  Benefits 

Unescalated  66,466  40,693 

Escalated  152,875  75,652 

Total  Annual  Hydropower  Benefits 

Unescalated  $  95,976  $205,940' 

Escalated  $132,387  $240,699 

There  are  two  sets  of  annual  energy  benefits,  unescalated 
oil  and  coal  and  escalated  oil  and  coal.  The  unescalated 
energy  benefits  a^e  the  energy  costs  of  oil-  and  coal-fired 
plant  operation  without  forecast  real  price  increases  for  oil 
and  coal.  The  escalated  energy  benefits  assume  real  fuel  cost 
escalation  and  are  the  unescalated  benefits  multiplied  by 
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project  is  feasible  at  the  authorised  interest  rate  of  7.6c 
percent . 


Figure  £  shows  how  the  B-C  ratios  change  with  the  dis¬ 
count  rate.  Those  of  unescalated  and  escalated  oil  behave  as 
one  might  expect  in  that  they  drop  below  1  in  the  range  of 
rates  between  3  and  16.  £5  percent  <3  percent,  approx irnately 
the  real  rate  of  interest,  7.  6£5  percent;  the  authorized  rate 
at  that  time;  10.1  percent,  the  FERC  composite  rate;  14.5 
percent,  the  Treasury  30  year  rate  at  that  time;  and  16.35 
percent,  the  AAA  utility  rate  at  that  time).  The  unescalated 
and  escalated  coal  ratios,  however,  remain  about  the  same  over 
the  range  and  are  feasible  even  at  16. £5  percent. 

Figure  3  shows  the  annual  net  benefits  at  various 
discount  rates.  Again  those  of  oil  drop  throught  the  range. 
Those  of  coal,  however,  do  not  drop  but  rise  through  the 
range. 

Figure  4  shows  the  net  present  values.  Again  those  of 
oil  drop  to  below  $0.  Those  of  coal  also  decrease  but  do  not 
approach  $0  in  the  range. 

Finally,  figure  5  shows  the  IRRs  at  various  interest 
rates.  In  this  case  the  IRRs  of  both  coal  and  oil  increase  or 
are  flat  over  the  range.  What  is  more  interesting  is  that  the 
IRRs  change  at  all  since  it  is  cafined  as  the  interest  rate  at 
which  the  present  value  of  the  stream  of  negative  (costs)  and 
positive  (benefits)  cash  flows  equal  0.  Obviously,  the  method 
used  for  calculating  the  IRRs  was  not  correct. 


Figure  2 


Figure 


Figure  4 

STAGE  1  NPUS  AT  UARIOUS  INTEREST  RATES 
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TABLE  6 


STAGE  1 

REAL  FUEL  COST  ESCALATION  FACTORS 


INTEREST  RATE 

OIL 

COAL 

3 

£.  57 

1. 86 

7.  6£5 

£.  30 

1. 85 

11.1 

£.  14 

1. 83 

14.  5 

£.  (Z>3 

1.81 

16.  £5 

1. 98 

1.81 

Why  did  the  annual  net  benefits,  the  B-C  ratios,  the  net 
present  values,  and  IRRs  change  over  the  range0  They  changed 
because  both  the  costs  and  benefits  changed  with  the  interest 
rate.  On  the  cost  side  the  annual  interest  and  amortization 
increased  with  the  interest  rate  because  of  the  higher  IBC  and 
amortization  factors.  The  unescalated  pumping  cost  does  not 
change  but  the  escalated  pumping  cost,  which  is  based  on  coal, 
decreases  slightly.  This  is  shown  in  Table  6. 

On  the  benefits  side  the  capacity  benefits  increase 
because  of  the  IDC  and  amortization  factors  of  oil  and  coal 
fired  plants.  This  is  shown  in  Table  7.  Coal  in  particular 

TABLE  7 

STAGE  CAPACITY  FACTORS 


INTEREST  RATE 

OIL 

COAL 

3.  0 

.  63 

.  58 

7.  6£5 

1. 00 

1 . 00 

11.1 

la  kill! 

1. 41 

14.  5 

1. 65 

1. 89 

15.  £5 

1  •  Sc.’ 

£.  17 
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increases  substantially  because  of  the  magnitude  and  timing  of 
construction  costs. 

Unescalated  energy  benefits  remain  the  same  and  escalated 
energy  benefits  decline  with  the  interest  rate  as  was  shown  in 
Table  6..  Coal  declines  only  slightly  because  the  major  real 
cost  increases  are  near  term.  Oil  drops  subst ant i a  1 1 y  because 
the  largest  cost  increases  are  more  far  term.  Thus,  when  the 
various  measures  are  computed  costs  and  benefits  both  increase 
substantially.  In  the  case  of  coal  annual  costs  increase  less 
than  annual  benefits  so  negative  annual  net  benefits  are  not 
calculable  in  the  range  and  probably  above. 

To  calculate  a  valid  IRR  and  NPV  a  different  approach 
should  be  used.  This  entails  taking  the  previously  presentee 
data  and  stripping  the  interest  rates  from  the  analysis  so 
only  the  actual  cash  flows  are  left.  The  cash  flows  for  Stage 
1  and  the  coal  fired  alternative  are  shown  in  figure  6.  The 
top  of  the  figure  shows  the  negative  cash  flows  (the  costs  of 
building  and  operating  Stage  1).  The  bottom  snows  the 
positive  cash  flows  (the  cost  of  building  and  opei'ating  the 
coal -fired  alternat i ves) .  Since  the  economic  life  of  a  coal- 
fired  plant  is  only  30  years  a  replacement  would  have  to  be 
built  during  the  period.  Figure  7  shows  the  net  cash  flows  of 
Stage  1.  Except  for  a  brief  period  of  project  construction 
the  cash  flows  are  all  positive.  It  also  shows  that  the  coal- 
fired  alternative  is  more  expensive  than  the  pumped  storage 
facility  to  build  and  its  initial  cash  flows  are  Quite  high. 


UNESCALATED  GREGORY  COUNTY  STAGE  1  NET  CASH  FLOWS 


1985  1990  1995  2000  2005  2010  2015  2020  2025  2030  2035  2040  2045 


Figures  8  arid  9  show  the  escalated  negative,  positive  and 
net  cash  flows  of  Stage  1.  Because  the  real  fuel  cost  escala¬ 
tion  for  both  cash  flows  is  based  on  coal  there  is  little 
difference  from  the  unescalated  cash  flows  but  for  complete¬ 
ness  they  should  be  included. 


TABLE  8 

NET  PRESENT  VALUES  (*000) 


INTEREST  RATE  STAGE  1 

PERCENT  UNESCALATEB  ESCALATED 

TOTAL 

UNESCALATED  ESCALATED 

3.  0 

1, 058, £31 

1, 1 A£, 19A 

1, 931, 995 

cl  j  0c!&y 

967 

7.  6£5 

587, 587 

617,  111 

1,013,  £33 

1, 039, 

700 

11.  1 

A71, 301 

A87, 578 

776,  755 

789, 

67A 

1A.  5 

A 1 £, 6A6 

A££, 663 

650, 951 

658, 

368 

16.  £5 

391, 370 

399, 380 

60A, 176 

609, 

931 

100.  0 

101,510 

101, 537 

107, 573 

107, 

596 

500.  0 

13,  535 

13, 535 

13, 5A6 

13, 

A56 

Table  8 

and  figur 

e  10  show  the 

net  present 

values  of 

Stage  1  and 

the  total  project.  At 

the  authoriz 

ed  rate  of 

7.  625  percent 

the  net 

present  value 

of  Stage 

1  is 

about 

*600, 000, 000 

and  that 

of  the  total  project 

is 

about 

*1, 000, 000, 000 

.  As  the 

interest  rate  increased 

the  NPV 

1  de- 

creases  but  even  at  500  percent  does  not  become  negative.  At 
600  percent  it  still  is  not  negative  and  above  that  the  NPV  is 
nov-  computable.  This  is  not  unexpected  given  the  nature  of 
the  cash  flows  which  are  mostly  positive  with  a  relatively 
rn  i  nor  component . 
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19B5  1990  1995  2000  2005  2010  2015  2020  2025  2030  2035  2040 


Figure  9 

ESCALATED  GREGORY  COUNTY  STAGE  1  NET  CASH  FLOWS 


19B5  1990  1995  2000  2005  2010  2015  2020  2025  2030  2035  2040  2045 
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INTEREST  RATE 


Because  the  NPV  is  positive  at  all  interest,  rates  a  valid 
IRR  cannot  be  calculated  if  benefits  are  based  on  the  coal 
fired  alternative. 

Gregory  County  demonstrates  the  two  major  differences 
between  the  economic  analysis  of  hydropower  and  other  water 
resource  projects.  First,  the  benefits  as  well  as  the  costs 
change  with  the  interest  rate.  Because  of  this  increase  a 
hydropower  project  may  not  be  infeasible  at  any  higher 
interest  rate  using  the  B-C  ratio  and  annual  net  benefits 
criteria.  And  second,  an  IRR  is  not  calculable  for  some 
hydropower  projects  because  a  valid  IRR  and  NPV  analysis 
requires  a  stream  of  net  cash  flows  unaffected  by  interest 
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I.  SUMMARY  AND  CONCLUSIONS 


Interest  Is  the  price  that  must  be  paid  to  obtain  resources  now  rather 
than  in  the  future.  Interest  is  positive  because  resources  available  in  the 
present  are  usually  more  highly  valued  than  equivalent  resources  available  in 
the  future.  The  values  of  equivalent  goods  and  services  available  at  two 
points  in  time  can  be  compared  using  compound  interest. 

The  interest  rate  used  in  the  economic  analysis  of  water  resource 
investments  is  called  the  "discount  rate."  The  higher  the  discount  rate,  the 
more  discounted  (reduced)  is  the  value  of  future  goods  and  services  compared 
to  equivalent  present  goods  and  services.  Conversely,  the  cost  of  amortizing 
a  water  resource  investment  is  increased. 

The  official  discount  rate  now  in  use  was  adopted  in  1968  by 
administrative  rule  of  the  Water  Resources  Council  and  was  reaffirmed  by 
Congress  in  the  Water  Resources  Development  Act  of  1974.  Under  the  rule  and 
the  act,  the  official  discount  rate  is  based  on  the  yields  of  U.S.  Government 
bonds,  subject  to  a  limitation  on  annual  changes  of  one-fourth  of  1  percent. 
Since  the  official  discount  rate  is  based  on  the  nominal  cost  of  Federal 
funds,  it  includes  an  inflation  "premium."  However,  the  economic  analysis  of 
public  investments  involves  measuring  anticipated  benefits  costs  in  "real" 
terras,  i.e.,  independent  of  inflation  and  deflation.  From  the  standpoint  of 
economic  theory,  the  discount  rate  should  also  be  a  real  value.  The  greater 
the  inflation  rate  and  the  more  sustained  the  inflation,  the  more  inflated  is 
the  official  discount  rate  and  the  greater  is  its  inconsistency  with  other 
economic  analysis  principles.  As  a  result,  average  annual  benefits  are 
reduced  and  average  annual  costs  increased  disproportionately. 

There  is  widespread  agreement  that  the  existing  formula  for  the  discount 
rate  is  incorrect,  and  that  the  discount  rate  should  be  a  real  rate. 

However,  the  proper  magnitude  of  the  discount  rate  to  be  used  for  public 
investment  analysis  is  difficult  to  estimate  because  real  interest  rates  in 
the  economy  are  masked  by  differing  levels  of  risk,  the  effects  of  taxation, 
inflationary  expectations  and  other  factors.  Consequently,  the  proper  public 
sector  discount  rate  remains  a  matter  of  intense  debate.  Proponents  of  the 
"opportunity  cost  of  capital"  theory  hold  that  public  investments  should 
provide  a  real  return  at  least  as  high  as  that  provided  by  the  private 
Investments  displaced  by  public  taxation  and  borrowing.  On  the  other  hand, 
proponents  of  the  "social  interest  rate"  theory  argue  for  a  low  discount  rate 
suitable  for  promoting  public  investment,  assuring  long-term  economic  growth 
and  meeting  the  needs  of  future  generations.  Compared  to  the  use  of  a  low 
"social"  discount  rate  of,  say,  3  percent,  the  use  of  high  "opportunity  cost" 
rate  of,  say,  8  to  10  percent  signifies  that  society  is  less  willing  to 
sacrifice  today's  consumption  opportunities  to  invest  for  the  benefit  of 
future  generations. 

It  is  clear  that  the  magnitude  of  the  discount  rate  affects  the 
for  lation  of  water  resource  projects.  Most  Federal  water  projects  are 
capital-intensive  (i.e.,  a  high  proportion  of  costs  are  incurred  early),  have 
a  long  design  life  and  generate  benefits  which  grow  over  time.  A 
comparatively  high  discount  rate  affects  those  characteristics  in  the 


following  ways.  First,  future  benefits  would  be  more  deeply  discounted  and 
early  costs  would  increase  in  importance.  Consequently,  project  features 
would  be  more  likely  to  involve  substitution  of  deferred  or  recurrent  costs 
for  first  costs,  as  in  the  substitution  of  beach  nourishment  operations  for 
structural  shore  protection,  or  the  substitution  of  dredging  for  levee 
construction  to  maintain  flood  channel  capacity.  Second,  long  design  life 
would  offer  little  advantage  in  generating  benefits.  Consequently,  a 
reduction  in  design  life  which  enables  savings  in  capital  costs  would  be 
encouraged.  Third,  any  project  purpose  which  fails  to  provide  immediate 
benefits  would  be  more  difficult  to  justify.  For  instance,  projects  with 
long-term  economic  development  effects,  however  substantial,  would  fare  poorly 
compared  to  projects  of  which  the  benefits  are  based  on  immediate  deliveries, 
immediate  savings  or  immediate  protection.  Finally,  projects  for  which 
benefits  are  based  on  market  or  demand  values  (such  as  navigation  and  flood 
control)  would  fare  poorly  compared  to  projects  for  which  benefits  are  based 
on  capital-intensive  alternative  costs  (such  as  hydropower  or  water  supply). 

The  magnitude  of  the  discount  rate  also  affects  the  number  and  size  of 
recommended  water  projects  and  the  potential  cumulative  level  of  investment  in 
water  resources.  The  effects  of  a  comparatively  high  discount  rate  would  be 
as  follows.  First,  the  comparative  decline  in  benefits  and  increase  in  costs 
would  mean  that  last-added  increments  to  scale  and  or  extent  of  some  projects 
would  no  longer  be  justified.  For  instance,  in  a  flood  protection  plan 
certain  reaches  would  be  excluded  or  the  level  of  protection  reduced.  In  a 
waterway  improvement  plan  certain  reaches  would  be  excluded  or  the  navigable 
capacity  reduced.  Second,  for  some  projects  the  benefits  would  no  longer 
exceed  the  costs,  even  after  reformulation,  and  the  project  could  not  be 
recommended.  For  instance,  it  is  estimated  that  application  of  a  10  percent 
discount  rate  to  the  current  backlog  of  pending  Civil  Works  projects  could 
reduce  the  number  which  are  economically  justified  by  as  much  as  half,  even 
after  reformulation.  Third,  by  promoting  projects  with  relatively  high 
operation,  maintenance  and  replacement  costs  compared  to  first  costs,  a  high 
discount  rate  would  eventually  result  in  the  allocation  of  a  proportionately 
smaller  share  of  the  water  resources  budget  to  new  investments. 

In  1974,  Congress  did  not  foresee  the  high  rates  of  inflation  and  nominal 
interest  which  have  prevailed  since  that  time.  Although  limited  in  its  rate 
of  change,  the  discount  rate  has  followed  the  nominal  cost  of  Federal 
borrowing  upward  from  4  5/8  percent  in  fiscal  year  1969  to  7  5/8  percent  in 
fiscal  year  1982.  If  the  high  financial  interest  rates  such  as  those  which 
have  prevailed  recently  were  to  continue,  the  official  discount  rate  would 
continue  to  rise  for  years  and  would  remain  relatively  high  indefinitely. 

The  1974  act  attempted  to  limit  variation  in  the  discount  rate  by 
limiting  annual  changes  to  one-fourth  of  1  percent  and  by  "grandfathering"  the 
discount  rates  applicable  to  most  projects  authorized  prior  to  1969.  These 
small  and  frequent  variations  in  the  discount  rate  create  added  cost  because 
annual  reanalysis  is  required,  and  create  uncertainty  in  programming  and 
budgeting  because  discount  rate  increases  can  adversely  affect  the  feasibility 
of  recommended  projects.  In  addition,  for  most  projects,  decades  can  pass 
between  completion  of  a  survey  report  and  completion  of  advanced  engineering 
and  design.  During  those  decades  the  official  discount  rate  can  change 
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substantially.  Consequently,  the  cumulative  changes  In  the  discount  rate, 
along  with  changes  in  physical  and  economic  conditions  and  In  other  policies, 
contribute  to  the  need  for  extensive  replanning  of  "old"  projects.  At  the  same 
time,  projects  with  "grandfathered"  Interest  rates  become  controversial  as 
their  economic  performance  under  the  current  rate  is  cast  in  doubt. 

In  the  final  analysis,  the  magnitude  of  the  discount  rate  has  a 
significant  effect  upon  the  types  of  water  projects  to  be  built  and  the 
potential  cumulative  level  of  investment.  However,  any  analysis  of  existing 
and  alternative  methods  to  compute  the  discount  rate  must  address  not  only  its 
magnitude,  but  also  the  uncertainties  and  inconsistencies  which  can  result 
from  dependence  on  nominal  interest  rates. 


II.  INTRODUCTION  TO  THE  DISCOUNT  RATE 


The  Functions  of  Interest 


According  to  economic  theory,  interest  performs  two  closely  related 
functions.  First,  interest  is  the  price  that  must  be  paid  by  borrowers  to 
induce  savings;  interest  is  positive  because  of  "time  preference,"  the 
preference  of  individuals  and  institutions  for  control  of  resources  now  rather 
than  in  the  future.  Second,  interest  is  the  measure  of  the  minimum  return  on 
investment  necessary  to  justify  borrowing  or  diverting  resources  from 
alternative  investments;  it  measures  the  "opportunity  cost  of  capital,"  the 
cost  of  foregone  investment  or  consumption  opportunities. 

The  perfect  market  economy  is  au  economy  which  is  riskless,  tax-neutral 
and  inflation-free,  and  in  which  information  is  costless.  In  the  perfect 
market  economy,  there  would  be  one  economy-wide  interest  rate  at  which  time 
preference  and  the  opportunity  cost  of  capital  (i.e.,  supply  of  savings  and 
the  demand  for  savings)  would  be  equalized.  Each  potential  investment, 
whether  public  or  private,  could  be  evaluated  to  ascertain  whether  its  return 
exceeded  the  economy-wide  interest  rate.  However,  the  economy  of  the  United 
States  is  not  perfect,  and  there  are  many  observed  rates,  each  rate  reflecting 
different  risk,  tax  liability,  quality  of  information  and  inflationary 
expectations.  Although  each  household,  corporation  or  institution  has  a 
different  interest  rate,  these  different  rates  are,  in  theory,  equivalent  to 
the  underlying  interest  rate  after  adjustment  for  inflation,  risk,  taxes,  etc. 

Benefit-Cost  Analysis  and  Discounting 

For  Federal  water  development  agencies,  "benefit-cost  analysis"  is  the 
method  of  economic  analysis  used  for  the  evaluation  of  proposed  investments. 
Federal  agencies  have  used  benefit-cost  analysis  since  the  landmark  1936  Flood 
Control  Act,  in  which  Congress  stated  that  the  Chief  of  Engineers  may 
recommend  Federal  participation  in  flood  control  projects  "if  the  benefits  to 
whomsoever  they  may  accrue  are  in  excess  of  the  estimated  costs...." 

The  interest  rate  used  in  benefit-cost  analysis  is  called  the  "discount 
rate."  The  values  of  future  goods  and  services,  whether  received  as  benefits 
or  expended  as  costs,  are  reduced,  or  "discounted,"  using  the  discount  rate  to 
find  their  equivalent  present  values,  or  "present  worth."  The  discount  rate 
is  used  to  provide  a  common-time  basis  for  comparing  present  and  future 
benefits  and  costs  and  to  develop  plans  which  maximize  net  benefits  through 
time.  The  discount  rate  should  equal  the  underlying  real  interest  rate, 
expressing  simultaneously  time  preference  and  the  opportunity  cost  of  capital. 

The  further  in  the  future  a  good  or  service  is  to  be  available,  or  the 
higher  the  discount  rate,  the  more  heavily  the  future  good  or  service  is 
discounted  and  the  less  its  present  worth.  As  shown  in  Figure  I,  $1.00 
available  in  25  years  is  valued  at  about  $.30  using  a  5  percent  discount  rate, 
but  at  only  about  $.09  using  a  10  percent  discount  rate.  As  shown  in  Figure 
II,  an  income  stream  of  $1.00  per  year  approaches  a  present  worth  of  $20.00  at 
a  5  percent  discount  rate,  but  approaches  only  $10.00  in  present  worth  at  a  10 
percent  discount  rate. 
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Benefit-cost  analysis  is  a  form  of  "economic  analysis,"  and  consequently 
deals  with  "real"  values,  i.e.,  values  independent  of  changes  in  general  price 
levels  and  the  value  of  money  due  to  inflation  or  deflation.  ("Financial 
analysis,"  on  the  other  hand,  treats  "nominal"  or  observed  values  which 
reflect  price  levels).  To  provide  a  proper  basis  for  comparing  values  in 
benefit-cost  analysis,  both  the  discount  rate  and  the  values  of  anticipated 
benefits  and  costs  should  be  measured  in  real  terms,  independent  ot  inflation. 

Under  current  procedures  for  computing  benefits  and  costs,  all  present 
and  future  costs  and  benefits  are  measured  in  real  terms.  The  discount  rate 
is  then  used  to  convert  construction  costs  and  future  benefits  and  costs  to 
their  present  worth  as  of  the  "base  year"  at  the  beginning  of  project 
operation.  Using  the  discount  rate,  costs  incurred  during  construction  are 
"brought  forward"  to  the  base  year  by  charging  compound  interest  from  the  date 
the  costs  are  incurred,  and  subsequent  costs  and  benefits  are  discounted  to 
present  worth  as  of  the  base  year.  In  effect,  the  early  costs  are  increased 
and  subsequent  costs  and  benefits  are  reduced.  Using  the  same  discount  rate, 
these  values  may  then  be  converted  to  annual  equivalents  using  interest  and 
amortization  (I&A)  tables.  (The  values  have  the  same  proportions  whether 
compared  in  terras  of  present  worth  or  annual  equivalents).  The  ratio  between 
benefits  and  costs  is  the  benefit-cost  (B/C)  ratio.  A  project  with  a  B/C 
ratio  greater  than  1.0  (i.e.,  of  which  the  annual  benefits  exceed  the  annual 
costs)  is  generally  considered  economically  feasible.  The  project  design 
which  provides  the  greatest  excess  of  annual  benefits  above  annual  costs  is 
called  the  "National  Economic  Development  (NED)  Plan,"  and  may  be  recommended 
unless  certain  other  project  specific  considerations  such  as  human  safety  or 
environmental  protection  justify  a  deviation. 

Concepts  of  the  Public  Sector  Discount  Rate 

According  to  economic  theory,  the  discount  rate  for  the  economic  analysis 
of  public  investments  should  equal  the  underlying  economy-wide  interest  rate, 
the  "real  rate  of  interest."  One  of  the  challenges  of  public  investment 
economics  is  to  estimate  the  real  rate  of  interest.  To  derive  this 
theoretical  interest  rate,  most  economists  favor  one  of  two  theories:  the 
"opportunity  cost  of  capital"  theory  and  the  "social  interest  rate"  theory. 

The  "opportunity  cost  of  capital"  theory  holds  that  public  investments 
must  provide  a  real  (economic)  return  at  least  as  high  as  the  private 
investments  displaced  by  public  taxation  and  borrowing.  The  advantage  of 
using  this  cor-pot  is  that  it  disciplines  public  investment  by  requiring 
competitive  returns.  The  disadvantage  of  this  concept  is  that  the  returns  to 
be  expected  from  the  business  and  nonbusiness  investments  actually  foregone 
cannot  be  determined.  Available  data  pertains  to  average  rates  of  return. 

The  average  opportunity  cost  of  capital  is  usually  recognized  as  being  quite 
high  (say,  10  percent)  because  private  investors  attempt  to  obtain  a  high  rate 
of  return  after  allowing  for  risk  and  taxes  consequently,  the  upper  limit  of 
the  real  return  on  investments  actually  foregone  is  about  10  percent. 

Proponents  of  the  "social  interest  rate"  theory  argue  for  a  low  interest 
rate  to  promote  investment,  assure  long-term  economic  growth  and  meet  the 
needs  of  future  generations.  They  recognize  that  public  investments  may 
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generate  significant  indirect  or  secondary  effects  which  are  irrelevant  to 
private  investors,  and  that  since  future  generations  cannot  participate  in 
today's  decisions,  society  may  exhibit  a  time  preference  different  from  that 
of  individuals.  One  way  to  estimate  the  "social  interest  rate"  is  to  adjust 
the  yields  on  low-risk  corporate  or  Federal  bonds  for  inflation  and  taxes. 

Over  the  years  this  rate  has  usually  been  in  the  1  to  3  percent  range. 

There  is  a  third  widely  espoused  approach  to  the  public  sector  discount 
rate,  the  "cost  of  Federal  borrowing"  approach.  This  is  a  budgetary  approach 
to  public  investment  with  little  basis  in  economic  theory.  Proponents  of  this 
approach  argue  that  the  return  from  public  investments  should  at  least  offset 
the  cost  of  governmental  borrowing  to  finance  the  investment.  The  discount 
rate  would  vary  with  the  interest  rate  on  Federal  debt  instruments  having  the 
same  time  to  maturity  as  the  payout  period  of  the  investment,  say,  50  to  100 
years.  The  major  disadvantage  of  this  approach  is  that  although  Federal 
borrowing  is  risk-free,  the  cost  of  Federal  funds  is  a  nominal  rate,  highly 
variable  and  dependent  upon  monetary  policy  and  inflationary  expectations. 
Because  it  is  a  nominal  rate  with  no  basis  in  theory,  it  has  little  support 
among  economists  as  the  basis  for  the  discount  rate.  In  addition,  the  Federal 
Government  has  not  issued  many  long-term  securities  for  a  number  of  years,  and 
the  cost  of  Federal  borrowing  must  be  extrapolated  from  the  yield  rates  on 
shorter-term  securities,  now  approximately  13  percent. 

Because  the  assumptions,  data  and  methods  used  in  these  three  concepts 
are  quite  different,  they  yield  quite  different  estimates  of  the  appropriate 
discount  rate.  The  "social  interest  rate"  estimate  is  approximately  3 
percent;  the  "opportunity  cost  of  capital"  estimate  is  up  to  10  percent;  the 
cost  of  Federal  borrowing  has  ranged  from  2  to  15  percent.  Furthermore,  due 
to  the  complexity  of  the  national  economy,  estimates  using  the  same  general 
concept  differ  among  themselves.  Finally,  these  estimates,  like  conditions  in 
the  overall  economy,  change  over  time.  Because  there  is  no  agreement  on  the 
proper  discount  rate,  it  has  remained  a  subject  of  controversy  for  decades. 
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III.  EFFECTS  OF  THE  DISCOUNT  RATE  ON  THE  CIVIL  WORKS  PROGRAM 


In  the  final  analysis,  the  magnitude  of  the  discount  rate  has  a 
significant  effect  upon  the  types  of  water  projects  to  be  built  and  the 
potential  cumulative  level  of  investment.  However,  any  analysis  of  existing 
and  alternative  methods  to  compute  the  discount  rate  must  address  not  only  its 
magnitude,  but  also  the  uncertainties  and  inconsistencies  which  can  result 
from  dependence  on  nominal  interest  rates. 

The  Official  Discount  Rate 


The  official  discount  rate  now  in  use  was  adopted  in  1968  by 
administrative  rule  of  the  Water  Resources  Council  and  was  reaffirmed  by 
Congress  ir  the  Water  Resources  Development  Act  of  1974.  The  rule  and  the 
act:  (a)  :  :t  the  discount  rate  at  4  5/8  percent  for  fiscal  year  1969;  (b) 
based  the  discount  rate  for  subsequent  fiscal  years  on  the  effective  yield 
(annual  dividend  divided  by  market  value)  of  U.S.  Government  bonds  with  15 
years  or  more  left  to  maturity;  (c)  limited  annual  changes  in  the  discount 
rate  to  one-fourth  of  1  percent;  and  (d)  retained  a  3  1/4  percent  discount 
rate  for  all  authorized  projects  for  which  satisfactory  assurances  of  local 
cooperation  had  been  received  by  31  December  1969  (i.e.,  "grandfathered"  the 
project  discount  rates). 

The  current  method  for  computing  the  discount  rate  has  three  important 
features : 

(1)  It  is  based  on  the  nominal  cost  of  Federal  funds  in  financial 
markets  rather  than  a  measure  of  real  interest.  Under  current 
procedures  for  benefit-cost  analysis,  the  benefits  and  costs  prior  to 
discounting  are  measured  In  real  terms,  but  the  official  discount  rate, 
which  is  a  nominal  race,  includes  an  inflation  premium  and  is 
inconsistent  with  other  economic  analysis  principles.  Recause  of  its 
dependence  on  nominal  rates,  the  existing  method  of  computing  the 
discount  rate  is  considered  by  many  to  be  lacking  in  theoretical 
justification  and  inappropriate  for  evaluating  water  resources 
investments. 

(2)  It  has  risen  continually.  In  1974,  Congress  did  not  foresee  the 
dramatic  effect  of  linking  the  discount  rate  to  the  nominal  cost  of 
Federal  funds.  In  the  1960's  the  nominal  cost  was  3-4  percent  and 
approximated  the  real  cost  of  funds.  The  range  which  prevails  today  is 
12-14  percent,  and  includes  a  large  inflation  premium.  Consequently, 
the  official  rate  has  risen  over  the  years,  from  4  5/8  percent  in  fiscal 
year  1969  to  7  5/8  percent  in  fiscal  year  1982.  At  some  time  in  the 
future  the  official  rate  will  reach  the  nominal  cost  of  borrowing,  and 
would  surpass  the  cost  of  funds  should  nominal  rates  decline.  Clearly 
the  present  method  will  produce  a  relatively  high  discount  rate  for 
years  to  come. 


(3)  It  varies  on  an  annual  basis.  While  the  discount  rate  should 
vary  from  time  to  time  to  reflect  underlying  conditions  in  the 
economy,  many  consider  changes  which  are  both  frequent  and  small  to 
be  unnecessary  and  administratively  burdensome. 

Effects  of  Discount  Rate  Magnitude  on  Project  Formulation 

Application  of  a  relatively  high  discount  rate  in  evaluating  public 
projects  implies  that  society  is  relatively  unwilling  to  sacrifice  present-day 
consumption  opportunities  to  gain  future  consumption  opportunities,  and  also 
that  the  return  on  foregone  investment  opportunities  is  quite  high.  By 
contrast,  use  of  a  relatively  low  discount  rate  implies  that  society  is 
relatively  willing  to  forego  immediate  consumption  and  alternative  investments 
for  the  benefit  of  future  generations.  The  higher  the  discount  rate,  the 
shorter  the  time  horizon  for  project  planning  and  the  greater  and  more 
immediate  the  desired  return  on  public  investment. 

Effects  on  Benefits  and  Costs 

For  any  project,  the  pattern,  or  "stream"  of  costs  over  time  differs  from 
the  stream  of  benefits.  Consequently,  the  effect  of  the  discount  rate  on  the 
present  worth  and  annual  equivalent  of  costs  is  different  from  its  effect  in 
the  present  worth  and  annual  equivalent  of  benefits.  The  different  effects 
have  implications  in  turn  for  the  selection  of  project  scale,  features  and 
purposes. 

Table  I  shows  the  effect  of  the  discount  rate  on  the  values  of  a 
project's  benefits  and  costs.  The  annual  values  of  first  costs  (i.e., 
investment  costs)  are  equal  to  the  interest  and  amortization  charges  computed 
using  the  discount  rate.  Consequently,  changes  in  the  annual  values  of  first 
costs  are  approximately  proportional  to  changes  in  the  discount  rate.  In 
contrast,  the  values  of  benefits  or  costs  which  do  not  occur  until  some  time 
in  the  future  (such  as  one-time  replacement  costs)  or  which  increase  over  time 
(such  as  the  long-term  benefits  of  waterway  improvement  projects)  are  more 
severely  discounted  with  an  increase  in  the  discount  rate,  and  will  decrease. 
(At  a  very  high  discount  rate,  the  values  of  future  benefits  or  costs  are  so 
heavily  discounted  that  a  further  increase  in  the  rate  has  little  further 
effect.)  In  the  case  of  benefits  or  costs  which  are  constant  over  time,  the 
effects  of  discounting  and  of  annalizing  present  worth  would  exactly  offset 
each  other.  Consequently,  discounting  is  irrelevant  and  is  not  used  for 
constant  annual  benefits  and  costs. 

A  relatively  high  discount  rate  not  only  penalizes  plans  with  high  first 
costs  or  with  benefits  which  grow  over  time,  but  also  removes  the  economic 
advantage  of  a  long  design  life.  However,  high  first  cost,  benefits  which 
grow  over  time  and  long  design  life  are  precisely  the  characteristics  of  the 
traditional  Civil  Works  projects.  Consequently,  the  higher  the  discount  rate 
used  in  project  evaluation,  the  less  likely  is  a  traditional  project  to  be 
recommended. 


TABLE  I 


ECONOMICS  OF  A  TYPICAL  PLAN  1  AT  THREE  DISCOUNT  RATES 


Value  at 

0%  D.R. 

Value  at 

5%  D.R. 

Value  at 

10%  D.R. 

Construction  Cost  and  Interest 

During  Construction,  $M 

500 

553 

611 

Annual  Costs,  $M 

Interest  and  Amortization 

10.0 

30.3 

61.6 

Operation  and  Maintenance 

10.0 

10.0 

10.0 

Total 

20.0 

40.3 

71.6 

Total  Discounted  Benefits,  $M 

2500 

784 

384 

Annual  Equivalent  Benefits,  $M 

50.0 

42.9 

38.7 

Net  Annual  Benefits,  $M 

30.0 

2.6 

(32.9) 

Benefit-Cost  Ratio 

2.50 

1.07 

.54 

*  5-year  construction  period;  50-year  project  life;  initial  benefits  $30M; 
undiscounted  benefits  in  year  50  $70M;  construction  cost  $500M;  annual  O&M 
costs  $10M. 
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For  example*,  the  proposed  Big  Wood  River  and  Tributaries  project  was 
evaluated  in  1976  at  a  6  1/8  percent  discount  rate  and  in  1981  at  a  7  5/8 
percent  discount  rate.  As  shown  in  Table  II,  benefits  and  undiscounted  costs 
rose  about  57  percent  overall.  However,  because  of  the  change  In  the  discount 
rate  the  annual  equivalent  (interest  and  amortization)  of  the  first  cost  rose 
95  percent.  As  a  result,  net  benefits  rose  only  42  percent  and  the  benefit- 
cost  ratio  declined  from  3.07  to  2.53. 

Effects  on  Project  Features 

The  higher  the  discount  rate  used  for  project  evaluation,  the  greater  is 
the  inducement  for  the  project  designer  to  delay  costs  (thereby  minimizing 
their  present  worth)  and  to  capture  benefits  quickly  (thereby  maximizing  their 
present  worth).  As  the  discount  rate  rises,  recurrent  costs,  which  are 
affected  by  the  discount  rate  little  or  not  at  all,  will  be  substituted  for 
capital  costs.  For  example,  with  a  5  percent  discount  rate,  a  construction 
cost  savings  of  $100  could  justify  incurring  an  additional  $5  per  year  in 
operation  and  maintenance  (O&M)  costs,  whereas  at  10  percent,  the  $100 
construction  cost  savings  could  justify  an  additional  $10  per  year  of  O&M 
costs. 

At  the  Cape  May  Inlet,  New  Jersey,  two  groins  are  the  preferred  method  to 
achieve  an  improvement  in  beach  erosion  protection  if  the  discount  rate  is  7 
percent  or  below.  However,  as  shown  in  Table  III,  at  a  discount  rate  above  7 
percent,  the  amortized  cost  of  the  groins  exceeds  the  recurrent  cost  of 
nourishing  the  beaches  with  sand  impounded  by  the  inlet  jetties,  and  beach 
nourishment  is  preferred.  This  is  true  even  though  the  real,  undiscounted 
life  cycle  cost  of  the  groins  is  much  lower. 

Because  at  a  high  discount  rate  recurrent  costs  are  more  likely  to  be 
substituted  for  capital  costs,  " nanageraent  plans"  with  low  first  costs  and  few 
structural  features  would  be  selected  more  frequently.  In  addition,  because 
the  values  of  nonmonetary  environmental  attributes  are  not  discounted  while 
monetary  values  are  discounted,  a  high  discount  rate  would  make  it  more  worth¬ 
while  to  preserve  and  enhance  nonmonetary  attributes. 

Effects  on  Project  Scale  or  Extent 

Often  a  high  discount  rate  will  necessitate  a  reduction  in  the  scale  or 
extent  of  a  project.  A  high  discount  rate  reduces  the  present  worth  of  the 
"last-added"  future  benefits  while  increasing  the  present  worth  of  the  last- 
added  increments  to  capital  cost.  Consequently,  with  an  increase  in  the 
discount  rate,  project  scale,  such  as  the  level  of  flood  protection  or  the 
dimensions  of  a  navigation  channel,  may  need  to  be  reduced  until  the  last- 
added  benefits  equal  the  last-added  costs.  In  other  cases,  the  geographic 
area  affected  by  a  project  must  be  reduced.  For  instance,  development,  of 
marginal  reaches  of  a  waterway  may  no  longer  be  justified,  or  marginal  reaches 
affected  by  floodflows  of  a  certain  river  can  u o  longer  be  protected. 
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TABLE  II 


PROJECT  ECONOMICS,  1976  and  1981, 

BIG  WOOD  RIVER 

AND  TRIBUTARIES  IN 

THE 

VICINITY  OF  GOODING  AND  SHOSHONE 

,  IDAHO 

1976 

1981 

Prices , 

Prices , 

6  1/8% 

7  5/8% 

Discount 

Discount 

Percent 

Rate 

Rate 

Change 

Construction  cost  (first  cost) 

2,450,000 

3,840,000 

+57 

Annual  cost: 

I&A 

150,500 

293,000 

+95 

OM&R 

7,000 

9,300 

+33  2 

Total 

157,500 

302,300 

+92 

Annual  benefits: 

Flood  reduction  -  present  development 

433,610 

688,  170 

+593 

Flood  redaction  -  future  development 

40,340 

60,790 

+513 

Reduced  cost  of  floodproofing 

8,900 

16,490 

+85 

Total 

482,850 

765,450 

+59 

Net  benefits 

325,350 

463,150 

+42 

Benefit-cost  ratio 

3.07 

2.53 

— 

Source:  Walla  Walla  District,  U.S.  Array 

Corps  of  Engineers. 

1  Price  levels  used  in  most  computations 

of  costs  and 

benefits  increased 

more 

rapidly  than  general  price  levels. 

2  The  labor  component  of  OM&R  costs  did  not  rise  as  quickly  as  construction  costs 
and  other  materials  costs.  As  a  result,  overall  OM&R  price  inflation  was  relatively 

low. 

3  Projected  beginning  of  operation  was  delayed  5  years.  As  a  result,  real  value  of 
"present  development"  increased  sLightly  and  the  period  of  growth  in  future  damages 
was  reduced  by  5  years.  Overall,  change  in  flood  reduction  benefits  was  56  percent. 


A  plant  to  pump  floodwaters  Impounded  behind  a  levee  near  Yazoo  was 
authorized  at  a  2  1/2  percent  discount  rate.  Using  that  discount  rate,  the 
optimum  plan  would  pump  25,000  cubic  feet  per  second  (cfs)  of  water  and 
provide  net  annual  benefits  of  $18.7  million  per  year.  However,  as  shown  in 
Table  IV,  at  a  discount  rate  of  7  5/8  percent  and  the  same  price  levels,  the 
optimum  plan  is  smaller  (17,500  cfs)  and  the  net  benefits  are  only  $5.1 
million.  The  smaller  plan  provides  less  flood  protection  behind  the  levee. 

Effects  on  Project  Purposes 

Most  Civil  Works  projects  are  multipurpose  projects  with  a  variety  of 
benefits.  Projects  and  purposes  vary  in  their  capital-intensivity ,  the 
pattern  of  their  benefits  over  time  and  their  design  life;  consequently,  the 
discount  rate  can  be  expected  to  have  varying  effects. 

With  regard  to  flood  damage  reduction,  very  few  plans  f^r  which  the 
benefits  are  principally  "future  development"  benefits  which  growing  over  time 
are  justified  at  a  high  discount  rate.  Flood  protection  projects  with 
substantial  Immediate  benefits,  on  the  other  hand,  are  less  adversely 
affected.  As  the  B/C  ratio  of  a  flood  protection  plan  declines  toward  1.0 
with  a  rise  in  the  discount  rate,  the  level  of  protection  or  geographic  extent 
of  flood  control  projects  may  be  reduced.  Flood  warning  systems,  flood  plain 
regulations  and  other  management  activities  may  be  substituted  for  structural 
solutions.  Recurrent  costs,  as  in  the  case  of  dredging  to  maintain  flood 
capacity,  may  be  substituted  for  capital  costs,  as  in  the  case  of  levee 
construction. 


Navigation  is  a  project  purpose  which  is  clearly  affected  by  the  discount 
rate.  In  particular,'  for  large  waterway  development  projects  it  takes  decades 
for  traffic  to  grow;  consequently,  at  a  high  discount  rate  the  navigation 
benefits  which  lie  far  in  the  future  would  be  too  severely  discounted  to 
offset  the  construction  costs.  Navigation  projects  which  are  based  to  a  large 
extent  on  Immediate  benefits  are  not  as  severely  affected.  Projects  which 
require  little  initial  investment  but  have  substantial  annual  costs,  such  as 
clearing  and  snagging  or  emergency  dredging,  would  not  be  as  severely  affected 
as  more  capital-intensive  projects. 

The  effects  of  the  discount  rate  on  a  shore  protection  project  depends  on 
the  nature  of  the  project.  Capital-intensive  projects  and  projects  which  rely 
on  slowly  developing  recreation  benefits  are  adversely  affected  by  a  high 
discount  rate,  while  projects  involving  beach  nourishment  (a  recurrent  cost) 
or  which  generate  immediate  benefits  are  relatively  unaffected. 

For  certain  purposes  the  benefits  are  measured  by  the  cost  of  alternative 
investments  to  provide  the  same  outputs.  For  example,  the  benefits  of 
hydropower,  water  quality  and  municipal  and  industrial  water  supply  are 
usually  calculated  based  on  the  costs  of  alternative  sources  of  energy,  water 
pollution  control  and  water  supply,  respectively.  The  same  interest  rate  is 
applied  to  a  proposed  project.  If  the  alternative  is  as  capital-intensive  as 
project  costs  allocable  to  that  purpose,  the  economic  feasibility  of  that 
purpose  may  be  unchanged.  Consequently,  purposes  with  benefits  based  on 
alternative  costs  are  less  severely  affected  by  a  high  discount  rate. 
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ISON  OF  PLANS  AT  TWO  DISCOUf 
YAZOO  AREA  PUMP  STUDY 
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"Later,  the  Water  Resources  Council  appointed  a  Task  Force  to  study  new 
principles  and  standards,  and  that  report  was  completed  in  the  Fall  of  1971. 

On  the  basis  of  that  report  the  Council  published  proposed  new  principles  and 
standards  in  the  Federal  Register  for  public  comment  in  December  of  1971,  and 
held  hearings  on  them  throughout  the  country  in  Spring  of  1972.  No  further 
publication  or  public  participation,  or  consultation  with  other  entities 
occurred  until,  suddenly  in  September  of  this  year  the  Council  announced  new 
principles  and  standards  which  differ  markedly  from  those  which  were  proposed 
in  1971. 

"A  new  formula  was  prescribed  by  the  Council  for  determining  the  discount 
rate  which  is  to  be  applied  to  Federal  and  federally  assisted  water  resources 
projects.  The  rate,  which  is  to  be  established  initially  at  6  7/8%  and  which 
may  vary  by  1/2  of  one  per  centum  per  year,  is  to  be  based  on  the  average 
yield  of  all  interest  bearing  marketable  securities  of  the  United  States,  both 
long  and  short  term,  outstanding  at  the  end  of  the  fiscal  year  preceding  such 
computation.  This  formula  differs  markedly  from  the  previous  formula  adopted 
by  the  Water  Resources  Council  in  1968. 

"The  committee  is  greatly  concerned  with  the  effect  this  new  discount 
foimula  would  have  on  the  justification  of  water  resources  projects  that  are 
essential  to  meet  the  needs  of  future  generations.  The  higher  the  discount 
rate,  the  less  future  benefits  are  worth  when  discounted  to  present-day 
values.  Thus,  the  formula  encourages*  capital-intensive  projects  which 
provide  for  immediate  or  early  near-future  benefit  returns,  and  lessens  the 
opportunity  to  build  projects  which  are  designed  to  satisfy  the  needs  of 
future  generations.  While  this  approach  may  be  appropriate  for  private 
business,  it  is  not  a  satisfactory  basis  for  public  investment  which  should 
concern  itself  with  planning  for  resources  projects  designed  to  meet  the 
resource  needs  of  future  generations.  Other  objectives  such  as  assistance  to 
chronically  depressed  areas  such  as  Appalachia  and  the  Upper  Great  Lakes 
Region,  and  the  preservation  of  a  viable  natural  environment  may  also  bear 
significantly  on  the  discount  rate  determination.  Use  of  the  higher  discount 
rate  would  foreclose  opportunities  which  would  otherwise  be  available  when 
future  water  resources  needs  of  the  Nation  become  even  more  critical  than  at 
present.  Indicative  of  the  effect  of  the  proposed  discount  rate  is  a  rough 
calculation  relating  to  377  active  authorized  projects  of  the  Corps  of 
Engineers.  Only  176  of  these,  or  about  47%,  would  remain  justified  at  the 
proposed  discount  rate  of  6  7/8% . " 


&•! 


ST 


a  I 


Source:  U.S.  Congress,  Committee  on  Public  Works,  Report  on  the  Water 
Resources  Development  Act  of  1973  and  the.  River  Basin  Monetary  Authorization 


Because  they  are  capital-intensive  and  have  a  long  design  life, 
multipurpose  reservoirs  are  sensitive  to  the  discount  rate.  The  effect  of  the 
discount  rate  on  any  particular  reservoir  also  depends  on  the  pattern  of 
benefits  over  time  of  the  project  purposes.  With  a  high  discount  rate,  the 
present  worth  of  benefits  attributable  to  water  supply  deliveries,  flood 
protection  or  recreation  use  which  begin  far  in  the  future  will  be  reduced. 

On  the  other  hand,  hydroelectric  power,  flood  protection  of  existing 
developments,  water  quality  enhancement  and  water  supply  activities  with 
immediate  benefits  or  payback  are  not  as  adversely  affected.  The  major 
overall  effect  of  the  discount  rate  on  multipurpose  reservoirs  is  to  change 
the  cost  allocations  and  the  scale.  At  a  high  discount  rate,  last-added  costs 
will  be  allocated  to  purposes  with  benefits  which  are  based  on  alternative 
costs  or  which  are  immediate;  purposes  with  far-off  benefits  will  be  reduced 
in  scale  and  extent.  In  addition,  some  reservoirs  will  be  reduced  in  scale  as 
capital-intensive  features  are  replaced  by  alternatives  such  as  water 
conservation  or  nonstructural  plans.  Some  reservoirs  will  no  longer  be 
justified. 


Effects  of  Discount  Rate  Magnitude  On  Potential  Cumulative  Level  of 

Investment 


For  a  number  of  reasons,  a  high  discount  rate  reduces  the  potential 
cumulative  level  of  investment.  First,  a  high  discount  rate  implies  that  the 
level  of  investment  per  project  will  be  reduced  compared  to  Investment  under  a 
low  rate,  both  because  the  scale  of  recommended  projects  is  reduced  and 
because  recurrent  costs  are  substituted  for  capital  costs. 


Second,  since  most  Civil  Works  projects  are  capital-intensive  and  involve 
benefits  which  grow  over  time,  the  number  of  recommended  projects  is  also 
likely  to  be  reduced  at  a  high  discount  rate.  For  instance,  the  congressional 
committee  reporting  on  the  1974  Water  Resources  Development  Act  (reference  15) 
estimated  that,  had  the  interest  rates  applicable  to  projects  authorized  prior 
to  1969  not  been  "grandfathered"  by  Congress,  176  (47  percent)  of  377  active 
Corps  projects  would  no  longer  have  been  economically  justified  at  a  6  7/8 
percent  discount  rate.  Hanke  (reference  5)  reported  that,  without 
reformulation,  only  6  of  17  Bureau  of  Reclamation  projects  Investigated  would 
be  economical  at  an  8  1/2  percent  rate,  and  only  3  would  be  economical  at  a  10 
1/2  percent  rate.  In  1981,  a  number  of  Corps  of  Engineers  divisions  estimated 
the  benefits  and  costs  for  13  authorized  Corps  of  Engineers  projects*  at  3 
different  discount  rates.  At  the  authorized  rate  (3  1/4  percent  in  all  but 
case)  all  13  are  economically  justified.  Without  reformulation,  only  9  are 
justified  at  a  7  5/8  percent  discount  rate,  and  only  3  are  justified  at  a  10 
percent  rate. 


*Bradley  Lake,  Bonneville  Power  Units,  Strube  Lake,  Randleman  Lake,  Big  Pine 
Lake,  Onaga  Lake,  Burlington  Dam,  Little  Dell  Lake,  Maalaea  Small  Boat  Harbor, 
Cedar  River  Harbor,  Eldred  and  Spankey  Levee  and  Drainage  District,  Kake 
Harbor  and  Red  River  Basin  Chloride  Control. 


For  this  report  224  authorized  projects  awaiting  construction 
appropriations  and  89  recommended  projects  awaiting  authorization  were 
surveyed.  Results  are  displayed  in  Table  V.  Highlights  of  Table  V  are  as 
follows : 

o  Among  the  88  projects  economically  justified  at  a 

grandfathered  rate,  only  48  are  justified  at  the  current 
rate,  and  only  21  are  relatively  certain  to  remain  justified 
at  a  rate  of  10  percent. 

o  Among  213  projects  without  a  grandfathered  rate,  19  are  no 
longer  justified  at  current  rates,  and  only  106  are 
relatively  certain  to  remain  justified  at  a  10  percent  rate. 

In  effect,  the  recent  rise  of  the  discount  rate  has  already  had  a 
dramatic  effect  on  the  number  of  pending  projects.  Should  the  discount  rate 
be  increased  to  10  percent,  as  much  as  59  percent  of  the  existing  backlog 
would  be  uneconomical  without  reformulation.  It  is  estimated  that,  even  with 
reformulation,  nearly  one-half  of  all  pending  projects  could  no  longer  be 
recommended  at  a  10  percent  discount  rate. 


Since  the  discount  rate  affects  both  the  size  and  the  number  of  pending 
projects,  it  places  an  upper  limit  on  the  potential  cumulative  level  of 
investment.  If  the  discount  rate  were  high  enough  it,  rather  than  budgetary 
constraints,  would  limit  the  annual  investment  budget.  Even  if  the  annual 
water  resources  budget  is  constrained  by  the  availability  of  funds  rather  than 
the  discount  rate  (as  in  the  case  today)  the  discount  rate  still  affects  the 
level  of  investment  over  time  because  it  affects  the  mix  of  capital  costs 
versus  recurrent  costs  which  must  be  financed  out  of  the  budget.  In  all 
cases,  the  higher  is  the  discount  rate,  the  lower  is  the  potential  level  of 
investment. 

Effects  of  Discount  Rate  Variability 

Although  economic  conditions  are  not  static,  small  and  frequent 
variations  in  the  discount  rate  create  added  uncertainty  in  programming  and 
budgeting  and  added  administrative  cost  because  of  the  need  for  annual 
updating.  In  addition,  for  most  projects,  decades  can  pass  between  completion 
of  a  survey  report  and  completion  of  advanced  engineering  and  design.  During 
those  decades  the  official  discount  rate  can  change  substantially. 
Consequently,  the  cumulative  changes  in  the  discount  rate,  along  with  changes 
in  physical  and  economic  conditions  and  In  other  policies,  contribute  to  the 
need  for  extensive  replanning  of  "old"  projects.  At  the  same  time,  projects 
with  "grandfathered"  interest  rates  become  controversial  as  their  economic 
performance  under  the  current  rate  is  cast  in  doubt. 


TABLE  V 


SENSITIVITY  OF  BENEFIT-COST  RATIOS  OF  PENDING 
CIVIL  WORKS  PROJECTS  TO  THE  DISCOUNT  RATE 


Type  of  Project  Surveyed 

Total 

Number 

Surveyed 

BCR>l/0@ 

Applicable 

Rate 

BCR>  1.0 
(3 

7  5/8% 

BCR> 

7  5/8 

1.4 

%1 

By  Status  of  Project: 

-  authorized,  grandfathered,  awaiting 

100 

88  (88%) 

48  (48%) 

21 

(21%) 

construction  appropriations 

-  authorized,  not  grandfathered, 

124 

105  (85%)z 

105  (83%)- 

51 

(41%) 

awaiting  construction  appropriations 
-  Recommended,  awaiting  authorization 

89 

<N 

o 

o 

O' 

oo 

89  (100%) 2 

55 

(62%) 

By  Project  Type  and  Major  Benefit3: 


-  Local  Flood  Control 

114 

100 

(88%) 

83 

(73%) 

33 

(29%) 

-  Flood  Control  Reservoir 

26 

23 

(88%) 

18 

(69%) 

8 

(31%) 

-  Water  Supply  Reservoir3 

19 

16 

(84%) 

11 

(58%) 3 

0 

(00%) 

-  Hydropower  Reservoir3 

21 

21 

(100%) 

19 

(90%)3 

1 3  ( 6  2  % ) 1 

-  Beach  Protection 

19 

17 

(89%) 

17 

(89%) 

13 

(68%) 

-  Deep  Draft  Channels  and  Harbors 

33 

33 

(100%) 

32 

(97%) 

26 

(79%) 

-  Shallow  Draft  Channels 

15 

13 

(87%) 

12 

(80%) 

9 

(60%) 

-  Small  Boat  Harbors 

18 

16 

(89%) 

15 

(83%) 

10 

(56%) 

-  Other 

48 

43 

(90%) 

35 

(73%) 

15 

(31%) 

For  All  Projects: 

313 

282 

(90%) 

242 

(77%) 

127 

(41%) 

Source:  Programs  Division,  Office  of  the  Chief  of  Engineers. 


^BCR  >1.4  @  7  5/8  percent  is  used  as  a  proxy  to  indicate  potential  lack  of 
justification  at  a  discount  rate  of  10  percent.  Some  purposes,  particularly 
those  with  benefits  based  on  alternative  cost,  will  not  be  as  adversely 
affected  as  indicated. 

2 

Applicable  rate  is  7  5/8  percent. 

O 

Most  projects  are  multipurpose  and  provide  more  than  one  type  of  benefit. 

Only  the  major  benefit  is  listed.  For  instance,  among  the  five  "water  supply" 
reservoirs  which  are  not  justified  at  a  7  5/8  percent  discount  rate,  water 
supply  benefits  comprise  from  30  percent  to  77  percent  of  benefits.  Although 
in  each  case  water  supply  benefits  are  based  on  alternative  costs,  the 
presence  of  other  purposes  and  benefits  explains  much  of  the  decline  in  the 
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APPENDIX  A: 

EXCERPT  FROM  THE  COMMITTEE  REPORT  ON  THE  1974 
WATER  RESOURCES  DEVELOPMENT  ACT 

"SECTION  80 

"This  section  enacts  into  law  the  interest  rate  formula  used  in  the 
formulation  and  evaluation  of  water  resource  projects  as  established  by  the 
Water  Resources  Council  in  1968.  It  also  enacts  into  law  the  so  called 
"Grandfather"  provision  adopted  by  the  Water  Resources  Council  to  determine 
the  applicability  of  the  1968  formula  to  previously  authorized  projects. 

"The  use  of  a  discount  rate  in  benefit-cost  analysis  had  its  origin  in 
the  National  policy  expressed  in  the  1936  Flood  Control  Act  that  Federal 
participation  in  the  provision  of  flood  protection  is  justified  if  the 
benefits  exceed  the  cost.  However,  prior  to  1953  there  was  no  standard 
procedure  in  use  to  compare  projects  of  the  various  Federal  Agencies.  Though 
not  consistent  for  all  agencies,  a  rate  of  3%  was  generally  in  use  for  the 
period  1936-1952.  Between  1952  and  1959,  the  discount  rate  was  based  on  the 
formula  prescribed  in  BOB  circular  A-47,  issued  on  31  December  1952,  which  was 
the  average  rate  of  interest,  or  coupon  rate,  paid  by  the  Treasury  on 
marketable  securities  which  had  terras  to  maturity  of  15  years  or  more.  This 
coupon  rate  varied  from  2.5%  in  1953  to  3.25%  in  1968. 

"In  1965  the  Congress  enacted  into  law  the  Water  Resources  Planning 
Act.  The  purpose  of  that  act  was  to  encourage  the  conservation,  development, 
and  utilization  of  water  and  related  land  resources  of  the  United  States  on  a 
comprehensive  and  coordinated  basis  by  the  Federal  Government,  States, 
localities,  and  private  enterprise  with  the  cooperation  of  all  affected 
Federal  agencies.  States,  local  governments,  and  others  concerned. 

"To  achieve  this  goal  of  comprehensive  and  coordinated  planning,  the 
Water  Resources  Council  was  established,  composed  of  the  heads  of  the  various 
Federal  agencies  involved  in  water  resources.  One  of  the  specific  duties 
assigned  to  the  Council  by  the  Congress  was  the  establishment,  after 
consultation  with  other  interested  entities,  and  with  the  approval  of  the 
President,  principles,  standards,  and  procedures  for  Federal  participants  in 
the  formulation  and  evaluation  of  Federal  water  and  related  land  resources. 

One  part  of  these  principles  and  standards  is  the  discount  rate  formula  to  be 
used. 

"On  December  24,  1968  the  Water  Resources  Council  adopted  a  new  formula 
for  computing  the  interest  rate  to  he  used  in  plan  formulation  and  evaluation 
for  discounting  future  benefits  and  computing  costs  in  the  preparation  of 
comprehensive  regional  or  river  basin  nlans  and  the  formulation  and  evaluation 
of  Federal  water  and  related  land  resources  projects.  This  formula  is  based 
on  the  yield  rate  of  marketable  securities  which  at  the  time  of  computation 
have  15  or  more  years  remaining  to  maturity.  The  current  rate  (July  1973)  on 
this  basis  Is  established  at  5  5/8  percent. 


Summary 


Application  of  a  relatively  high  discount  rate  adversely  affects  the 
economic  justif ication  of  capital-intensive  projects  with  long  design  lives  or 
with  benefits  which  grow  over  time.  The  adverse  effects  are  less  severe  for 
projects  with  benefits  based  on  alternative  costs,  with  a  high  proportion  of 
recurrent  to  capital  costs,  or  which  are  limited  in  scale,  extent  or  design 
life. 


A  high  discount  rate  reduces  the  potential  cumulative  level  of 
investment.  Not  only  is  the  size  and  capital-intensivity  of  each  project 
reduced,  but  also  fewer  projects  can  be  recommended.  For  instance,  if  a  10 
percent  rate  were  applied  to  all  pending  projects,  over  half  would  not  be 
justified  without  reformulation  and  it  is  estimated  that  nearly  half  would  not 
be  justified  even  with  reformulation.  Finally,  over  time  the  use  of  a  high 
discount  rate  would  increase  the  proportion  of  the  budget  allocated  to 
recurrent  costs  rather  than  investment  costs. 

The  official  discount  rate  now  in  use  is  based  on  nominal  interest  rates, 
and  changes  on  an  annual  basis.  During  periods  of  sustained  inflation,  the 
official  discount  rate  rises  to  include  an  inflation  premium,  becoming 
increasingly  inconsistent  with  other  enconomic  analysis  principles.  In 
addition,  the  variability  of  the  official  rate  adds  to  uncertainty  in  plan 
formulation  and  in  programming  and  budgeting. 

Any  analysis  of  existing  and  alternative  methods  to  compute  the  discount 
must  address  not  only  its  magnitude  and  also  the  uncertainties  and 
inconsistencies  which  can  result  from  dependence  on  nominal  interest  rates. 
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SUMMARY  AND  RECOMMENDATIONS 


INTRODUCTION 

Ic  has  been  recognized  thac  many  water  resource  projects  have  generated 
significant  unintended  and  uncompensated  for  benefits  and  costs  due  to  the 
interdependence  of  project  elements  and  external  economic  activities  and 
that  these  external  effects,  especial  the  beneficial  external  effects  im¬ 
portant  to  the  local  communities,  the  affected  regions  or  to  the  nation  as 
a  whole,  are  sometimes  difficult  to  trace  and  measure.  To  explore  what  can 
be  done  to  remedy  the  situation,  the  Institute  of  Water  Resources  called  a 
meeting  of.  14  consultants  and  Corps  personnel  on  21  September  1981  in  Wash¬ 
ington  during  which  9  papers  were  presented  and  major  issues  in  evaluating 
external  effects  were  discussed.  A  brief  summary  of  the  papers,  major 
issues  discussed,  and  recommendations  are  as  follows. 


SUMMARY  OF  PAPERS  PRESENTED  (in  order  of  presentation) 


Evaluation  of  External  Effects  of  Water  Resources  Projects 


(James  Tang) .  This  paper  was  mailed  to  the  participants 
in  advance  providing  the  background  of  the  meeting  and  out¬ 
lining  the  major  issues  for  discussion.  The  paper  observes 
that  economic  literature  is  biased  toward  external  diseconomies 
and  the  issue  of  external  economies  has  received  little 
attention.  WRC's  final  rules  on  evaluation  of  external  ef¬ 
fects  are  reproduced  in  the  paper  for  ready  reference. 


External  Effects  and  NED  Evaluation  (Frank  H.  Bollman) . 


This  paper,  presented  by  Dr.  Bollman  who  took  a  major  role  in 
preparing  the  WRC's  final  rules,  reinforces  the  notion  of 
national  economic  development  (NED)  benefits  as  the  concep¬ 
tual  basis  for  evaluating  external  economies  and  diseconomies 
Only  an  improvement  in  production  efficiency  (as  Indicated 
by  a  shift  of  the  production  curve  showing  an  increase  in 
output  by  same  amounts  of  input  or  the  same  amounts  of  out¬ 
put  can  be  produced  by  lesser  amounts  of  input)  may  be 


counted  as  external  economies.  The  shift  in  the  production 
possibility  or  schedule  or  in  the  utility  function  of  an 
individual  may  not  be  confused  with  a  movement  along  the 
same  schedule  which  represents  a  relative  change  in  factor 
combination  due  to  price  change  and  seldom  represents  an 
improvement  in  efficiency  or  in  consumer  satisfaction. 

Several  computation  examples  are  given. 

Decisions.  Externalities,  and  the  With  and  Without  Conditions 
(Brad  Fowler) .  Observing  that  evaluation  of  external  effects 
is  difficult  for  various  reasons  such  as  the  ex  post  nature 
of  external  effects,  unable  to  subject  to  experimentation, 
and  magnitude  of  the  problem  and  others,  the  author  suggests 
that  it  Is  Important  to  search  for  and  identify  all  signifi¬ 
cant  impacts  with  and  without  the  projects  and  to  sift  through 
the  various  definitions  to  determine  their  appropriate  ex¬ 
ternality,  NED,  transfer  or  regional  character. 

External  Effects  And  Regional  Impacts  (Robert  L.  Leonard) . 

The  author  provides  an  excellent  literature  review  and  traces 
how  the  concepts  of  external  effects  were  treated  in  public 
policy  statements  from  the  1958  Green  Book  to  the  1980 
Principles  and  Standards.  External  effects  are  discussed  in 
economics  literature  under  two  different  contexts;  under  the 
general  equilibrium  theory,  external  effect*  refer  to  the 
Impacts  emenating  from  direct  interdependence  among  producers 
or  consumers,  while  under  the  context  of  a  developing  economy 
or  the  theory  of  industrialization,  both  direct  and  indirect 
(those  transmitted  through  the  price  system)  impacts  are  r- 
cognized  as  important.  The  author  believes  that  tv-  current 
definition  of  external  effects  is  consistent  with  equi¬ 
librium  theory's  basic  assumption  and  attempts  -o  broaden 
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the  McClellan-Kerr  Navigation  System,  Preliminary  Observations 


(Samuel  Ben  Zvi) .  Following  a  discussion  of  the  concept  of 
technological  external  benefits,  the  author  described  his  obser 
vations  of  some  of  the  projects  effects  which  may  be  considered 
external  effects  under  certain  hypostheses  to  be  further  in¬ 
vestigated. 

External  Effects  of  Water  Resources  Proiects  Construction 


Activities  (Art  Harnisch) .  Major  external  effects  both  bene¬ 
ficial  and  adverse  should  be  identified  and  quantified  where 
possible.  The  range  of  external  effects  should  cover  not  only 
NED  but  also  RED,  OSE  and  EQ.  The  adverse  or  external  dis¬ 
economies  when  quantified  will  provide  a  measure  of  mitigation 
funds  which  may  be  necessary  during  the  short  term  construction 
period.  Mitigation  of  short-term,  external  adverse  effects 
could  'ead  to  long-term  external  benefits.  Appendix  A  includes 
a  paper  showing  how  external  effects  may  be  managed  by  mutual 
agreement  and  monitoring  between  a  hydro  project  owner  and  an 
effected  community. 


Institutional  Approach  to  Reduce  Flood  Damages  Via  Negotiated 


Investment  Strategy  (NIS)  (Art  Harnisch).  A  negotiated 


investment  strategy  as  described  in  this  paper  may  be  a 
valuable  tool  for  managing  external  diseconomies. 


8 .  Comments  on  Gallispolis  Lock  and  Dam  Replacement,  Ohio 

River,  Phase  I  Study  (Thomas  Odle) .  In  commenting  on  the  study, 
the  author  presents  a  theoretical  approach  to  congestion  fees 
and  corrects  some  misunderstanding  about  the  concept  and  im¬ 
plications  of  congestion  fee  charges. 

9.  Lock  Congestion  and  Pricing  Policy  (Ungsoo  Kim).  The  economic 
concept  of  lock  congestion  and  its  social  costs  and  the  basic 
considerations  for  pricing  congestion  fees  are  examined  in  the 
paper. 

ANALYSIS  OF  ISSUES 


The  major  issues  in  evaluation  of  external  economies  and  diseconomies 
that  were  discussed  at  the  meeting  or  dealt  with  in  the  papers  presented 
are  summarized  in  the  following  paragraphs. 

1.  Conceptual  framework.  As  noted  in  the  papers  by  Tang,  Bollman 
and  Leonard,  external  economies  in  the  context  of  the  equili¬ 
brium  theory  would  exclude  regional  economic  development  benefits 
and  other  social  effects  in  the  computation  of  NED  benefits  of 
water  projects.  While  it  is  possible  to  clarify  the  concept  and 
improve  the  procedure  and  enable  the  planner  to  capture  the  ex¬ 
ternal  economies  within  the  equilibrium  framework  as  in  the  case 
of  the  unforseen  recreation  benefits  in  the  McClellan-Kerr 
Navigation  System  and  in  the  several  examples  cited  in  the  paper 
by  Bollman,  the  issue  remains  to  be  what  weight  should  be 
assigned  to  the  RED  and  OSE  accounts.  This  is  a  political 
decision.  All  the  planner  can  and  should  do,  as  suggested  in 
Fowler's  paper,  is  to  search  for  all  significant  effects,  sift 
them  through  the  various  definitions  according  to  their  NED,  RED, 
OSE  and  EQ  characteristics  and  present  the  full  story  to  the 
decision-makers . 


298 


2.  Range  of  External  Effects.  As  pointed  out  in  Harnisch* s  paper., 
the  range  of  external  effects  extends  beyond  the  NED  account  to 
reach  the  RED,  OSE  and  EQ  accounts.  To  identify  external  effects 
under  each  of  these  accounts  can  probably  enhance  a  planning 
study.  Such  a  display  was  utilized  in  the  formulation  of  a 
negotiated  investment  strategy  in  the  case  study  reported  by 
Harnisch. 

3.  Mechanism  for  managing  external  effects.  What  should  be  the 
appropriate  mechanism  for  handling  external  effects  is  an  issue 
that  was  not  discussed  at  the  meeting.  The  negotiated  invest¬ 
ment  strategy  and  the  monitoring  system  as  described  by  Harnisch 
et  al  may  have  considerable  merits. 

4.  Congestion  Fees.  Congestion  has  Increasingly  become  a  problem 
at  many  Corps  locks  and  dams.  The  two  papers  presented  here 
attempt .to  explain  some  of  the  basic  concepts  and  Issues  in 
congestion  fees.  Tentative  conclusions  are:  congestion  fees  are 
transfers  and  do  not  represent  a  gain  in  efficiency  and, 
charging  a  congestion  fee  is  a  temporary  and  not  a  permanent 
solution  to  the  problem  of  optimal  efficiency. 

RECOMMENDATIONS 

1.  Papers  presented  at  this  meeting  should  provide  sufficient  in¬ 
formation  and  insight  into  the  complex  subject  of  external 
effects  evaluation.  Little  can  be  gained  by  further  research 
into  the  theory  and  procedures  for  evaluating  external  effects. 

2.  It  is  desirable  to  take  another  look  at  the  impacts  of  the 
McClellan-Kerr  Navigation  System  from  the  viewpoint  of  external 
effects  along  the  line  suggested  in  the  paper  by  Ben  Zvi. 
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EXECUTIVE  SUMMARY 


This  paper  discusses  the  determination  of  an  appropriate  discount  rate 
for  use  in  evaluating  new  planning  and  construction  starts  for  water 
resources  projects.  The  importance  of  the  discount  rate  stems  from  its  use 
in  the  discounting  process,  whereby  a  common  time-frame  is  provided  for  the 
comparison  of  the  costs  and  benefits  of  a  potential  water  resources  project. 

In  general,  the  lower  the  discount  rate  applied  to  the  evaluation  of  a 
project's  benefits  and  costs,  the  higher  the  Benefit-Cost  Ratio  (BCR)  of  the 
project.  Therefore,  the  lower  the  discount  rate  used  in  the  evaluation 
process,  the  larger  the  number  of  projects  that  can  be  economically  justified. 

Because  of  this  relationship  between  the  discount  rate  and  the  economic 
evaluation  of  public  investments,  including  water  resources  projects,  the 
determination  of  an  appropriate  discount  rate  has  been  the  focus  of  numerous 
studies,  academic  articles,  government  directives  and  Congressional  hearings 
during  the  past  several  decades.  Due  to  the  complexities,  both  theoretical 
and  empirical,  involved  in  the  determination  of  the  discount  rate,  no 
concensus  ha3  been  reached  on  exactly  how  such  a  rate  should  be  determined. 
However,  the  extended  debate  on  the  discount  rate  has  resulted  in  the 
resolution  of  some  issues,  with  the  effect  that  the  appropriate  discount  rate 
can  be  characterized  by  the  following  three  properties: 

(1)  The  appropriate  discount  rate  should  be  determined  by  one  of  the 
following  three  concepts: 

(i)  The  Opportunity  Co3t  of  Capital  -  This  concept  specifies  the 
discount  rate  as  that  rate  of  return  which  could  be  earned  if  the  funds 
invested  by  the  government  had  been  left  in  the  private  sector,  i.e.,  the 
before-tax  rate  of  return  on  private  investments. 

(ii)  The  Collective  F  .  <*te  Rate  of  Time  Preference  -  This  concept 
specifies  the  discount  rate  as  the  rate  at  which  society  evaluates  the 
trade-off  between  present  and  future  consumption,  i.e.,  the  after-tax  rate  of 
return  on  private  savings. 

(iii)  The  Weighted  Average  Approach  -  This  concept  embodies  the 
earlier  two  concepts,  recognizing  that  public  investments  at  least 
potentially  displace  both  private  investment  and  private  consumption.  The 
discount  rate  is  then  a  weighted  average  of  the  two  rates  denoted  above,  with 
the  weights  determined  by  the  relative  proportions  of  investment  and 
consumption  displaced  by  public  investments. 

(2)  The  discount  rate  should  generally  not  reflect  the  effects  of 
inflation,  3ince  benefits  and  costs  are  normally  computed  ir.  inflation- free 
(constant)  dollars. 
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(3)  There  is  no  rate  of  interest  observed  in  the  marketplace  that 
corresponds  to  the  discount  rate.  (It  should  be  noted  that  under  current 
inflationary  conditions,  this  would  follow  directly  from  (2)  above.  However, 
even  in  the  absence  of  inflation  there  are  numerous  reasons  this  would  still 
be  correct,  most  notably  the  existence  of  taxes  and  imperfect  capital 
markets. ) 

The  approach  taken  in  this  paper  for  the  estimation  of  the  discount  rate 
is  based  on  the  opportunity  cost  of  capital  concept .  The  prime  reason  for 
using  thi3  approach  is  not  a  belief  in  its  correctness,  but  the  recent 
Council  of  Economic  Advisers  initiative  and  past  Office  of  Management  and 
Budget  (OMB)  directives  asserting  that  this  is  the  correct  approach  for 
determining  the  discount  rate  and  that  this  approach,  when  properly  applied, 
yields  a  discount  rate  of  10?.  The  results  of  this  investigation  indicate 
that  this  approach  does  not  yield  a  10?  discount  rate,  that  past  empirical 
estimates  yielding  10?  are  generally  both  empirically  and  logically  incorrect 
estimates  of  the  discount  rate,  and  that  as  an  empirical  issue  the  three 
approaches  yield  estimates  over  a  much  narrower  range  than  has  been 
previously  suggested,  when  all  sectors  of  the  U.S.  private  domestic  economy 
and  the  effects  of  inflation  are  correctly  accounted  for  in  the  estimating 
procedures. 

Past  estimates  of  the  discount  rate  a3  the  opportunity  cost  of  capital 
have  generally  contained  two  flaws.  First,  estimates  of  income  have  not  been 
derived  from  an  overall  system  of  national  accounts  to  insure  that  income  is 
correctly  allocated  between  sectors  of  the  economy  and  to  eliminate  the 
possibility  of  double  counting  income.  Secondly,  estimates  of  the  real  rate 
of  return  are  usually  derived  by  subtracting  some  inflation  rate  from  some 
computed  nominal  rate  of  return  based  on  the  Fisher  equation  relating  real 
and  observed  rates  of  interest.  This  adjustment  does  not  yield  a  real  rate 
of  return  that  is  relevant  to  investment  decisions. 

The  methods  used  in  this  paper  to  estimate  the  discount  rate  are  based  on 
procedures  developed  in  a  series  of  articles  by  Laurit3  R.  Christensen  and 
Dale  W.  Jorgenson.  This  procedure  is  based  on  the  development  of  income, 
wealth,  production,  expenditure  a- d  accumulation  accounts  of  the  national 
economy,  which  serve  as  controls  on  private  income,  investment  and 
revaluation  of  wealth.  Information  from  the  National  Income  and  Product 
Accounts  (NIPA),  studies  that  have  been  incorporated  into  NIPA,  and  some 
imputations  are  used  to  determine  before-tax  income  (or  property 
compensation)  for  the  four  types  of  legal  organizations:  corporate, 
non-corporate,  households  and  institutions.  Implicit  price  deflators  from 
NIPA  are  used  to  create- a  real  series  on  capital  stocks  and  depreciation. 
These  in  turn  are  transformed  to  a  current  dollar  series  on  capital  stocks 
and  depreciation. 

Development  of  these  accounts  and  the  income,  capital  stock  and 
depreciation  series  were  accomplished  for  the  years  1998-1979.  For-  each  year 
and  each  legal  form  of  organization  it  is  possible  to  compute  rates  of  return 
as  the  ratio  of  current  income  less  current  depreciation  to  the  current  value 
of  the  capital  stock.  This  represents  the  relevant  rate  of  return  for 


309 


r^D-fli36  867  PROCEEDINGS:  ECONOMIC  AND  SOCIAL  ANALYSIS  WORKSHOP  HELD  4/5 
k  AT  ST  LOUIS  MISSO  .  (U>  ARMY  ENGINEER  INST  FOR  WATER 

RESOURCES  FORT  BELVOIR  VA  L  G  ANTLE  OCT  82  IWR-82-P-48 

F/G  13/2 


UNCLASSIFIED 


NL 


Investment  decisions  in  an  inflation  free  economy  in  the  sense  that  it 
computes  the  ratio  of  income  to  capital  stock,  with  the  capital  stock  valued 
at  current  prices.  The  results  of  this  analysis  are  shown  in  Table  E-l.  For 
the  U.S.  private  domestic  economy,  the  average  rate  of  return  over  this 
period  i3  8$. 

This  result  is  also  confirmed  by  other  studies,  which  use  different  data 
sources  and  methods,  but  are  oriented  towards  the  same  issue.  One  example  is 
a  study  by  G.M.  von  Furstenberg,  B.G.  Malkiel  and  H.S.  Watson  (1980) 
entitled,  "The  Distribution  of  Investment  Between  Industries:  A 
Microeconomic  Application  of  the  'q*  Ratio"  (6,  1980).  The  focus  of  this 
study  is  not  the  determination  of  the  real  rate  of  return,  but  rates  of 
return  are  computed  in  this  study  as  a  by-product  of  the  determination  of 
industry  q-values.  (An  industry  q-value  is  the  ratio  of  the  market  valuation 
of  its  assets  to  the  current  replacement  of  those  assets.)  They  state,  "In 
spite  of  their  crudeness,  the  impression  that  real  after-tax  rates  of  return 
on  total  industry  assets  generally  average  less  than  6  percent  in  the  United 
States  is  overwhelming.  I*1  is  also  broadly  compatible  with  previous 
estimates  .  .  .  for  the  nonfinancial  corporate  sector  over  the  period 
1952-1976"  (6,  1980).  The  previous  estimate  they  refer  to  is  a  study  by  G.M. 
von  Furstenberg  (10,  1977)  which  implies  a  comparable  rate  of  return  of  4.7% 
on  the  replacement  cost  of  total  assets.  Although  not  presented  here,  the 
after-tax  rate  of  return  in  the  corporate  sector  implied  in  this  analysis 
would  be  about  6-7%.  Use  of  replacement  co3ts  rather  than  investment 
deflators  would  lower  this  figure  somewhat. 

The  conclusion  of  this  paper  is  that  based  on  the  opportunity  cost  of 
capital  approach,  the  appropriate  discount  rate  is  significantly  less  than 
the  10%  advocated  by  0MB  and  CEA.  In  fact,  over  the  1948-79  period  of 
analysis  the  yearly  rate  of  return  in  this  3tudy  is  as  high  as  10%  in  only 
two  years.  The  results  of  the  present  analysis  suggest  that  a  discount  rate 
in  the  neighborhood  of  8%  is  most  likely  at  the  upper  end  of  the  spectrum  of 
the  candidates  for  the  discount  rate.  (In  general,  the  possible  errors  in 
the  data  base  and  the  computations  presented  in  this  analysis  tend  towards  an 
upward  bias  of  the  estimated  rate  of  return.)  For  example,  publicly  owned 
but  privately  used  capital  is  excluded  from  the  capital  stock,  although 
income  derived  from  publicly  owned  capital  assets  is  at  least  partially 
captured  by  the  income  computations.  Inclusion  of  these  publicly  owned  but 
privately  used  capital  assests  would  lower  the  estimated  rate  of  return, 
although  the  overall  magnitude  of  this  impact  is  unclear. 
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ECONOMIC  AND  SOCIAL  ANALYSIS  FOR 
MILITARY  PROGRAMS : 

THE  FORT  BUCHANAN,  PUERTO  RIO"'. 
REALIGNMENT  STUDY 


Alan  V.  Galdis* 


Introduction 

In  the  spring  of  1976,  the  U.S.  Army  Forces  Command  (FORSCOM) 
requested  that  Mobile  District's  Planning  Division  conduct  a  study  of 
Fort  Buchanan,  Puerto  Rico.  The  purpose  of  the  analysis  was  to  identify 
and  evaluate  the  potential  impacts  associated  with  various  realignment 
actions  being  considered  for  the  base.  The  objective  of  the  study  was 
to  describe  the  anticipated  effects  of  proposed  actions  in  sufficient 
detail  to  allow  FORSCOM  to  make  an  informed  decision  about  the  future  cf 
Fort  Buchanan.  The  results  of  the  study  would  also  indicate  if  any  or  t 
proposed  actions  constituted  a  major  federal  activity  requiring  an 
environmental  impact  statement.  This  paper  reports  on  the  conduct  of  ih 
study  and  suggests  the  potential  for  continuing  cooperation  between  soci 
scientists  and  military  program  managers. 


Background 


In  the  mid  1970's,  the  Department  of  Defense  was  investigating  ways 
to  reduce  its  costs  while  maintaining  military  capabilities .  7c  ::—ec 
these  objectives,  the  agency  decided  to  concentrate  its  effort  on  way.-  to 
reduce  overhead  and  support  expenses,  and  it  considered  base  real  igr.mt  r.tt- 
as  major  components  of  these  cost  reduction  measures.  After  i : ml  nary 


s  t  u 


o  f 


the  Department  cf  Army  dot 
idate  f~r  further  analysis 
and  asked  Mobile  District 
s.  The  request  was  made 


ermined  th 
.  EcKECOM 
tc  conduct 


detail  e  i  ir.\v>  1 1  cat 
of  197 r»  i  i ■'  1 . . r.  1  l* 


N 


A.  1 . 


Division  completed  the  study  in  August  of  that  year.  An  environmental 
assessment,  including  the  recommended  alternative,  was  released  by 
FORSCOM  in  January  of  1977. 


Setting 

Fort  Buchanan  is  located  in  the  San  Juan  metropolitan  area  on  the 
northern  shore  of  Puerto  Rico,  which  is  the  smallest  of  the  Greater 
Antilles  chain  of  islands  (Cuba,  Hispaniola,  Jamaica,  and  Puerto  Rico). 
The  Antilles,  Greater  and  Lesser,  occupy  an  area  of  1,500  east-west 
miles  and  900  north-south  miles.  The  islands  are  considered  as  a 
geographic  unit  with  the  Caribbean  Sea  its  common  link,  but  the  area 
is  heterogeneous  in  terms  of  ethnocultural  aspects.  The  people  are  a 
mixture  of  Indian,  African,  and  European  lineages,  and  each  island  has 
a  history  of  plantation-based  colonization  by  foreign  economic  and 
political  powers. 


For  the  Fort  Buchanan  study,  the  entire  island  was  identified  as 
the  area  of  study.  This  was  done  because  it  was  suspected  that  some 
of  the  actions  would  have  island-wide  implications.  In  addition,  much 
more  data  was  available,  especially  for  non-Census  years,  for  the  island 
as  a  whole  than  for  any  of  its  subdivisions. 

As  the  study  began,  Puerto  Rico  was  experiencing  rapid  population 
growth  as  well  as  a  general  decline  in  economic  well-being,  two  charac¬ 
teristically  interrelated  phenomena.  The  number  of  inhabitants  had 
increased  from  2.6  million  in  1967  to  3.1  million  in  1975,  an  annual 
growth  of  2.3  percent.  This  rate  of  increase  was  more  than  double  the 
United  States  annual  average  of  one  percent  for  the  same  period.  Both 
per  capita  and  median  household  income  had  declined  in  1974  and  1975 
after  annual  rises  from  1967-1973.  The  per  capita  figure  fell  by  over 
IS  percent  from  1973  to  1975,  while  household  income  lost  14  percent  for 
the  same  period.  Internal  business  volume  fell  in  tandem  with  income, 

:  •'  IS. 4  percent  from  1973-1975.  Unemployment  was  touching  20  percent 
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as  the  analysis  began,  and  the  island's  consumer  price  index  had  risen 
nearly  16  percent  in  both  1974  and  1975.  In  sum,  the  island  had 
experienced  significant,  sometimes  severe  recent  declines  in  key 
socioeconomic  indicators. 


The  Puerto  Rico  Planning  Board's  forecast  for  1976  provided  both 
positive  and  negative  expectations.  Price  levels  were  expected  to  continue 
rising,  but  at  a  less  jarring  6  to  9  percent  ratec  Sharp  reductions,  of 
about  one-third,  were  expected  in  the  total  value  of  construction  projects. 
Unemployment  in  excess  of  21  percent  was  forecast  for  the  year.  On  the 
positive  side,  manufacturing  employment  showed  signs  of  increasing,  and  jobs 
lost  as  a  result  of  permanent  business  closures  were  registering  at  lower  levels 
than  had  been  projected.  Personal  income  was  expeCed  to  increase  bv  about  nine 
percent,  but  the  major  portion  _  f  this  grov?th  was  projected  to  be  a  40  percent  in¬ 
crease  in  transfer  payments  from  the  Federal  government.  Income  from  other  source? 
was  to  experience  only  a  mild  increase.  Overall,  some  sectors  of  the 
economy  were  forecast  to  realize  mild  advances  during  1976,  but  conditions 
were  expected  to  remain  generally  difficult,  due  in  some  measure  to  heavy 
reliance  on  the  public  sector  as  a  principal  stimulant  of  the  economy. 

In  this  uncertain  and  often  gloomy  socioeconomic  setting.  Fort  Buchanan's 
1,500  acres  seemed  almost  pastoral.  The  base  was  a  quiet  area  surrounded  by 
busy  highways,  burgeoning  subdivisions  and  extensive  commercial  areas.  It 
offered  large,  open  green  areas  with  intervening  limestone  hills.  Burglar 
bars,  in  evidence  nearly  everywhere  in  San  Juan,  were  conspicously  absent 
on  the  base.  As  a  work  place  for  its  1,100  employees,  it  approached  being 
ideal.  This  calm  appearance,  however,  belied  the  fact  that  thousands  of 
people  each  week  utilized  various  facilities  on  the  base.  These  people 
and  their  activities  became  the  focus  of  the  study  when  the  alternatives 
were  analyzed. 


Impacts  of  Alternatives 

The  alternative  realignment  strategies  developed  by  F0RFC0M  includ'd 
two  plans  which  would  close  the  installation  c-.  -pletely  A!  te.-nul  iv<  s  1 
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(Alternative  III),  and  one  which  would  maintain  the  status  quo  (Alternative 
IV).  Either  of  the  closure  plans  would  have  had  the  following  quantifiable 
effects : 

-  Transferred  about  150  military  personnel  off  the  island  and  eliminated 
over  600  civilian  employee  spaces 

-  Eliminated  over  $5  million  in  annual  salaries  and  reduced  local 
procurements  by  $4  million 

-  Required  $17.6  million  in  one-time  costs  for  actions  at  Fort  Buchanan 
and  other  affected  installations 

-  Saved  $8.5  million  in  Department  of  Defense  (DOD)  annual  recurring 

costs 

-  Moved  about  200  families  from  base  to  community  housing. 

These  numbers  plus  other  military  and  civilian  wage,  housing,  and 
family  size  data  were  inputted  to  an  analytical  tool  known  as  the  Economic 
Impact  Forecast  System  (EIFS)  which  had  been  developed  by  the  Corps  of 
Engineers  Construction  Engineering  Research  Laboratory  (CERL) .  This  com¬ 
puterized  model  (which  was  run  by  hand  for  this  study  due  to  its  lack  of 
base  data  for  Puerto  Rico)  was  developed  specifically  to  analyze  the 
community  effects  of  military  base  realignment  actions.  The  model  produced 
the  following  estimates  of  socioeconomic  impacts  on  the  island: 

-  Losses  of  $24  million  in  business  volume 

-  Losses  of  $14  million  in  personal  income 

-  Decrease  of  $2.5  million  in  housing  expenditures 

-  Decrease  of  $9  million  in  non-housing  expenditures 

-  Decrease  of  620  local  employees 

-  Decrease  of  $2  million  in  housing  investment. 

These  figures  represented  a  worst  case  scenario  for  Puerto  Rico  and  also 
showed  impacts  for  only  one  point  in  time.  Even  so,  the  aggregate  effects 
on  the  island's  total  economy  were  minuscule.  The  negative  impacts  of 
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closure  seemed  to  affect  only  the  individual  employees  whose  jobs  were 
to  be  terminated. 


There  were  other  effects,  however,  which  assumed  greater  proportions 
than  the  analysis  had  initially  shown.  These  impacts  began  to  be 
quantified  in  the  later  stages  of  the  study,  after  closer  inspection  of 
the  total  closure  plans.  With  no  base,  there  would  be  no  commissary, 
post  exchange  and  other  community  support  facilities.  There  would  be 
no  recreation  fields  and  no  green  space.  These  words  assumed  a  new  meaning 
when  it  was  discovered  that  there  were  nearly  70,000  residents  of  the  San 
Juan  area  who,  for  one  reason  or  another,  could  use  the  support  facilities. 
These  people  and  the  military  and  eligible  civilian  employees  spent  almost 
$15  million  in  fiscal  year  1975  at  the  commissary.  The  beverage  store  had 
sales  of  over  $4  million,  and  the  exhange  system  had  net  sales  of  $15.5 
million  on  a  volume  of  nearly  two  million  customers.  In  addition,  the 
Army  welfare  system  made  $1.4  million  from  exchange  sales.  Obviously,  the 
impacts  of  closing  the  base  were  more  pronounced  than  had  been  anticipated. 

Further  analysis  revealed  institutional  impacts  for  the  Navy  at 
Roosevelt  Roads  Navy  Station.  This  installation,  located  at  the  eastern 
end  of  the  island,  is  a  closed  base  requiring  special  identification  and 
vehicle  decals  for  admittance.  A  weekly  influx  of  thousands  of  additional 
commissary  and  exchange  customers  would  have  created  a  security  problem 
for  the  Navy,  not  to  mention  traffic  problems.  Also,  there  would  have 
been  increased  congestion  on  the  roads  between  San  Juan  and  Roosevelt  Roads. 

There  were  institutional  impacts  for  the  Army  to  consider  as  well. 

Fort  Buchanan  was  a  visible  link  to  the  mainland,  continuing  evidence  of 
the  relationship  between  Puerto  Rico  and  the  Unites  States.  This  meant 
a  great  deal  to  many  on  the  island,  not  only  business  and  government  officials, 
but  also  retired  military  and  civilian  employees  from  both  Puerto  Rico  and 
the  mainland.  The  Army  also  had  a  very  favorable  public  image  in  the  San 
Juan  area  because  it  allowed  local  youth  groups  to  use  the  recreation  fields 
on  base. 
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It  became  apparent  that  there  was  much  more  to  this  study  than 
quantifying  the  loss  of  a  few  hundred  jobs.  There  were  impacts  which 
were  truly  island-wide  in  their  implications.  Fort  Buchanan  played  a 
significant  role  in  the  life  of  the  San  Juan  area,  a  role  far  beyond 
the  beauty  of  a  few  hundred  acres  and  the  livelihood  of  a  few  hundred 
employees. 

Interpretation  of  Results 

When  the  study  entered  its  final  stages,  the  effects  of  all  components 
of  the  closure  plans  had  been  quantified.  As  noted  earlier,  the  direct 
impacts  on  employment,  income,  and  local  procurement  were  detailed  with  a 
high  degree  of  precision.  The  indirect  effects  associated  with  closing  the 
community  support  facilities  were  analyzed  in  detail  in  order  to  produce 
quantified  impacts  which  reflected  reality  as  closely  as  possible.  This 
was  done  by  estimating  both  current  community  facilities'  usage  and  future 
growth  in  the  number  of  eligible  residents.  Impacts  had  also  been  noted 
for  the  Navy,  and  the  institutional  effects  of  all  actions  had  been  outlined 
In  sum,  there  had  been  a  thorough  analysis  of  the  proposed  plans,  an 
analysis  which  went  beyond  the  obvious  effects  and  explored  both  the  direct 
and  indirect  outcomes  of  each  of  the  actions  proposed  by  FORSCOM. 

A  close  examination  of  the  impacts  showed  that  the  major  effects,  the 
ones  which  would  make  a  lasting  impression  on  the  community,  were  those 
which  resulted  from  closing  the  commissary,  exchange,  and  other  support 
facilities.  The  study  clearly  showed  that  the  eligible  residents  would 
have  had  considerable  difficulty  exercising  their  rights  to  utilize  these 
facilities  if  they  had  to  journey  to  Roosevelt  Roads.  The  Navy,  too,  would 
have  had  difficulties  dealing  with  the  sudden  influx  of  thousands  of  patrons 
at  a  secured  installation.  The  Army  would  have  been  dealt  a  blow  in  its 
community  relations  program  if  it  closed  the  recreation  fields.  Significant 
also,  would  have  been  the  loss  of  the  base  as  a  reminder  of  the  positive 
relationship  between  the  United  States  and  Puerto  Rico. 


All  of  the  initially  non-quant  if  led  elements  of  the  closure  plans  had 
potential  negative  effects.  When  the  nr.alc  «is  provided  an  indication  of  the 


severity  of  these  effects,  it  became  clear  that  Alternative  III,  the 
reduced  operation  plan,  was  the  least  disruptive  because,  while  it  did 
reduce  the  Federal  government's  annual  recurring  costs  by  $3  million, 
it  retained  the  commissary,  exchange,  and  other  such  facilities  at  full 
operational  levels.  It  allowed  retirees  and  other  eligible  residents 
the  opportunity  to  utilize  their  rights  without  having  to  resort  to 
elaborate  entrance  requirements,  and  it  allowed  the  Army  to  keep  the 
recreational  fields  open  and  available  for  local  use. 

In  August  of  1976,  Planning  Division  submitted  its  final  report  to 
FORSCOM  headquarters.  After  studying  the  report  and  considering  the 
implications  of  all  plans,  the  document  was  released  as  an  environmental 
impact  assessment  in  January,  1977.  The  preferred  plan  was  Alternative  III. 

Lessons 

By  utilizing  the  expertise — and  the  insight — of  social  scientists, 
FORSCOM's  program  managers  were  able  to  obtain  and  assess  valuable  information 
which  might  otherwise  have  escaped  them.  The  Planning  Division  study  team 
took  the  plain  statistics  of  reductions  in  employment  and.  procurement  as  well 
as  mission  transfer  data  and  produced  a  series  of  dollar  impacts  using  the 
EIFS  model's  algorithms.  This  could  have  been  done  by  anyone  who  took  the 
time  to  study  the  model  and  its  application  procedures. 


The  other  impacts  were  not  so  easily  discerned.  The  raw  data  of 
community  support  facilities'  usage  was  not  subject  to  manipulation  by 
a  computer  model,  for  there  were  delicate  relationships  existing  between 
the  community  and  the  base  which  no  mathematical  formula  could  simulate. 
Social  scientists,  however,  are  educated  and  trained  to  recognize  these 
interactions,  and,  although  we  cannot  always  model  them  successfully,  we 
can  recognize  and  describe  them.  In  many  cases  we  can  approximate 
numerically  what  the  relationships  might  look  like  and  what  their  effects 
might  be.  For  the  subtlest  of  the  correlations,  though,  mere  discovery 
and  description  are  all  that  is  possible 


Planning  Division  was  able  to  define  and  in  most  instances  quantify 
the  effects  of  community  support  facilities'  usage.  In  so  doing,  we  were 
able  to  show  what  the  impact  of  losing  this  usage  would  be  for  the 
community.  We  believe  that  our  analysis  provided  a  valuable  service  to 
FORSCOM  by  allowing  them  to  assess  the  probable  effects  of  this  loss  and 
act  accordingly.  They  must  have  agreed,  because  in  the  following  few 
years  Planning  Division  was  asked  to  study  several  other  projects.  In  each 
of  these  other  studies,  the  role  of  the  social  scientist  was  much  in 
evidence — as  a  seeker  of  obscured  facts  and  a  definer  of  relationships 
which  others  fail  to  notice.  In  many  cases,  these  facts  and  relationships 
make  a  difference;  in  a  few,  they  make  the  difference. 
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ECONOMIC  ANALYSIS  OF  ALTERNATIVE  MILITARY  HOUSING 

ACCOMMODATIONS 


Introduction 


The  objective  of  an  economic  analysis  of  housing 
options  for  the  military  as  conducted  in  Pacific  Ocean 
Division  (POD)  has  been  to  determine  the  most  cost  effective 
means  of  housing  military  personnel  and  their  dependents. 
In  a  nutshell/  an  economic  housing  study  looks  at  usually 
three  or  more  alternatives  to  needed  additional  or  upgraded 
housing/  and  performs  an  analysis  of  the  net  present  value 
of  costs  of  the  alternatives.  The  calculations  are 
performed  with  the  POD-deve loped  computer  program/  ECONS/ 
designed  especially  for  housing  studies/  although  its 
flexibility  allows  for  other  applications  in  the  area  of 
benefit  cost  analysis.  Perhaps  the  most  unique  and  powerful 
aspect  of  ECONS  is  the  ability  to  perform  prescribed 
sensitivity  analysis  iterations/  so  that  the  validity  of  the 
outcome  can  be  tested  for  its  sensitivity  to  potential 
variation  in  the  values  of  selected  input  variables  or 
groups  of  variables.  The  program  also  produces  certain 
output  for  graphics;  study  results  of  economic  analysis  of 
military  housing  alternatives  are  no  exception  to  the  adage/ 
"a  picture  is  worth  a  thousand  words". 


Outline  Of  The  Process 


The  explanation  of  the  study  process  will  follow  an 
actual  analysis  completed  by  POD  in  August/  1982.  In  early 
1982/  after  having  been  involved  in  various  housing  studies 
for  U. S.  Forces  in  Korea  and  in  Germany  for  the  previous 
two  years/  POD  was  tasked  with  the  analysis  of  alternatives 
for  housing  at  Aberdeen  Proving  Ground  (A PG),  Aberdeen/ 
Maryland.  The  Family  Housing  Office  at  that  U. S.  Army 
installation  had  been  faced  with  a  need  to  do  something 
concerning  over  l/OOO  inadequate  government  owned  and 
operated  housing  units  for  Non-Commissioned  Officers  (NCO) 
personnel  and  their  families.  Two  obvious  option*  were 
major  renovation/  and  new  construction.  The  best  choice  was 
not  immediately  obvious  and  after  consulting  with  the  Army 
Housing  Management  Office  at  the  Office  Of  The  Chief  Of 
Engineers  (OCE)  in  Washington/  D.  C.  /  the  APG  Family  Housing 
Officer  requested  POD  to  do  the  study.  The  study  was 


conducted  with  the  advice  and  assistance  of  a  consultant. 
Environment  Capital  Managers.  Inc.  (ECMI),  of  Honolulu. 
Hawaii.  ECMI  had  performed  previous  housing  studies  for  POD 
and  had  prepared  both  an  ECONS  i>sers  manual,  and  a  data 
collection  handbook  for  the  Corps  Of  Engineers.  The 
Aberdeen  study  was.  in  a  sense,  a  field  test  of  the  users 
manual  and  data  collection  handbook.  Both  of  these 
documents  are  for  use  in  conjunction  with  a  Department  Of 
Army  Pamphlet  on  the  same  subject. 

The  results  of  the  study  are  summarized  in  Exhibits 
1-6.  Exhibit  1  is  an  Executive  Summary  produced  for  the 
report,  to  give  decisionmakers  a  "quick  and  dirty"  look  at 
the  results  of  the  study.  Exhibit  2  is  a  summary  output 
table  for  the  study,  part  of  the  computer  output.  It  shows 
for  each  year  the  net  cumulative  present  value  (including 
appropriate  salvage  value  calculations )  for  each  of  the 
alternatives  looked  at  in  the  study.  Exhibit  3  is  the 
detailed  output  for  the  present  value  calculations.  Exhibit 
4  shows  a  portion  of  the  selected  sensitivity  analysis 
output.  It  shows  what  the  ranking  of  the  alternatives  was 
prior  to  the  specified  sensitivity  test.  and  what  the 
ranking  was  after  the  test  was  conducted  (more  on  this  later 
in  this  paper).  Exhibit  3  is  a  portion  of  the  report 
discussing  the  findings  of  the  sensitivity  analysis  tests. 
Exhibit  6  shows  examples  of  two  graph  formats  which  are  part 
of  the  program  output. 

After  a  data  collection  field  trip  to  Aberdeen,  the 
basic  data  was  formulated  and  organized  for  the  present 
value  cost  calculations  for  the  four  basic  alternatives  of 
new  construction,  r ehab i 1 i tat  ion  of  existing  housing,  lease 
rental  of  units  on  the  local  economy,  and  economy  housing 
(payment  of  housing  allowances  to  the  personnel  involved). 
The  summary  of  cost  variables  used  for  these  four 
alternatives  is  shown  in  Exhibit  7.  taken  from  the  POD 
report  on  APG's  Edgewood  Family  Housing  Economic  Analysis  (a 
separate  report  was  also  prepared  for  Chesapeake  Gardens, 
another  APG  housing  area).  Data  collection  involved 
discussions  with  personnel  from  APG's  Facility  Engineer. 
Comptroller,  and  Family  Housing  Office,  as  well  as  Real 
Estate  Division,  Baltimore  District,  Corps  Of  Engineers. 

Input  data  for  the  present  value  calculations, 
sensitivity  analysis,  and  graphics,  was  set  up  in  ECONS 
format,  as  shown  in  Exhibit  8.  In  the  exhibit,  header 
information  is  shown  through  line  (sequence  number)  24.  The 
cost  variable  input  data  is  shown  in  lines  27-59.  The  data 
cover  a  25  year  period  of  analysis  for  the  study.  In  line 
33.  the  expense  element  for  annual  construction  cost  amounts 


for  new  construction  is  shown  as  total  annual  estimates  for 
the  first  four  years,  and  twentg-one  gears  of  zero 
expenditures  (21*0).  Each  of  the  cost  variables  is 
formatted  in  this  wag  (in  constant  dollars). 

Following  the  same  format/  input  for  various  inflation 
futures  to  be  applied  to  selected  cost  variables  is  shown  in 
lines  63-72.  These  inflation  rate  guidelines  were  taken 
from  Department  Of  Armg  Program  Budget  Committee  guidance. 
In  lines  65-66  of  the  input/  the  inflation  factor  variables 
shown  mean  5  1%  from  gear  1  to  gear  2/  4. 73%  to  gear  3/ 
4.  53%  to  gear  4/  4.  44%  to  gear  5/  and  4.  5%  annually 
throughout  the  last  20  gears  of  the  period  of  analysis. 
Lines  75-81  show  selected  salvage  value  factors  to  apply  if 
a  project  were  terminated  in  a  given  gear. 

Lines  87-135  show  input  required  for  ECONS  to  perform 
the  present  value  calculations  for  the  selected 
alternatives.  In  the  first  example/  the  military 
construction  alternative  is  based  on  expense  items  1/  3/  4/ 
6/  10/  13/  17/  and  20.  The  discount  factor  statement  means 
that  midd le-of-year  discount  factors  will  be  used  to 
calculate  present  values  for  all  eight  expense  elements.  An 
indication  of  "*1"  would  have  meant  beg  inn  ing-of-y  ear 
factors  and  a  “*3"  would  have  meant  end-of-year  factors. 
The  interest  rate  used  is  specified  in  line  30  as  10%  per 
year,  and  includes  inflation  (per  AR  11-28).  Inflation  can 
be  excluded  as  in  Federal  water  resources  planning  studies 
by  using  zero  inflation  and  a  lower  discount  rate  (a  rate 
that  does  not  contain  an  inflationary  component).  Or  the 
10%  rate  can  be  used  along  with  the  statement  "ADJU  X", 
entered  just  before  the  rate  statement  (line  32),  which  will 
account  for  differential  inflation  only,  by  adjusting 
according  to  the  appropriate  inflation  factor  representative 
of  a  "general"  rate  of  inflation  (if  X  =  2  in  the  ADJU  X 
statement,  these  "general"  inflation  factors  would  be  taken 
from  the  second  inflation  factor  schedule  entered  in  the 
block  of  inflation  input).  The  "price  index"  statement  on 
line  93  indicates  that  the  first  three  variables  will  be 
subject  to  the  third  inflation  schedule  in  the  inflation 
input  (3  3  3),  or  the  OASD(C)  MILCQN  inflation  projection, 
the  next  one  is  subject  to  the  fourth  inflation  schedule, 
the  next  3  are  subject  to  the  second  schedule,  and  the  last 
is  subject  to  the  fourth  schedule.  The  "residual"  command 
lines  refer  to  the  calculation  of  salvage  value,  which 
applies  only  to  the  first  expense  element  (construction 
cost,  used  as  a  proxy  for  initial  value).  "Residual  Name  2" 
means  that  the  second  residual  factor  input  schedule 
applies.  "Residual  Discount  3"  means  that  an  end-of-year 
discount  factor  applies  in  calculating  the  present  worth  of 
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a  salvage  value.  "Residual  Price  3"  means  that  the  variable 
for  the  applicable  salvage  value  is  to  be  subject  to  the 
third  inflation  schedule  entered.  A  series  of  commands 
follows  for  the  calculations  for  the  other  three 
alternatives. 

Lines  139-149  contain  a  series  of  commands  to  produce  a 
graph  summarizing  the  study  results.  The  "plot"  commands 
prescribe  graph  headings  and  tell  which  output  results  are 
to  be  graphed.  The  "label"  commands  prescribe  x  and  y  axis 
labelling  information.  The  "legend"  commands  produce  the 
graph  legend. 

The  thirty-eight  specifically  prescribed  sensitivity 
analysis  tests  are  contained  in  lines  153-569.  In  the  first 
sensitivity  input  command  grouping  (lines  153-161).  the  "run 
title"  command  gives  the  header  information  to  be  included 
in  sensitivity  analysis  output.  The  "select  iterations" 
command  indicates  that  all  4  alternatives  will  be  included 
in  the  sensitivity  test.  The  "change"  command  indicates 
that  input  cost  variables  1  and  2  both  will  be  changed  to 
check  on  the  sensitivity  of  final  project  cost  rankings  to 
such  changes.  The  "limit"  statement  indicates  that 
sensitivity  will  be  checked  for  changes  from  minus  100%  to 
plus  500%.  The  "time"  statement  indicates  that  the  period 
of  analysis  is  25  years.  The  "rank"  statement  means  that 
the  program  will  keep  making  changes  to  variables  1  and  2 
within  the  plus/minus  range  specified  in  the  "limit" 
statement  until  alternative  1  is  the  least  costly.  In  this 
case,  as  shown  in  the  beginning  of  the  sensitivity  analysis 
output  shown  in  Exhibit  4.  even  if  the  specified  variables 
were  reduced  to  zero,  alternative  1  would  not  be  the  least 
costly.  The  output  does  show  that  after  the  cost  elements 
are  reduced  by  60%.  alternative  2  becomes  least  costly.  A 
summary  of  selected  output  results  from  the  sensitivity 
tests  performed  is  shown  in  Exhibit  5.  a  table  extracted 
from  the  report. 


Background  And  Overview  Of  POD's  Housing  Study  Program 


In  June  1980.  POD  was  tasked  by  U.  S.  Forces  Korea 
(USFK)  with  developing  an  economic  analysis.  along  with  a 
sensitivity  analysis.  for  884  additional  family  housing 
requirements  in  Korea.  A  computer  assisted  study,  using  the 
program  discussed  in  this  paper.  was  conducted  which 
resulted  in  the  following  ranking  of  alternatives  (in  order 
of  "mission  effectiveness"):  (1)  US.  Government  Lease 


(constructed  by  the  Korea  National  Housing  Corporation);  (2) 
US.  Government  Military  Construction;  and  (3)  Payment  of 
Allowances  (for  procurement  of  economy  housing).  This  third 
alternative  was  dropped  since  it  would  fail  to  provide 
additional  housing  assets.  Korea  already  suffers  from  a 
severe  shortage  of  available  housing. 

In  December  1980.  POD  conducted  additional  studies  for 
USFK.  finding  again  that  the  most  cost  effective  alternative 
was  the  U. S.  Government  Lease  Program. 

In  early  1981.  POD  used  the  “know  how"  gained  from  the 
Korea  experience  to  implement  the  program  for  US.  Army. 
Europe  (USAREUR).  Studies  were  conducted  for  troop  needs  in 
Dexheim.  Germany,  for  USAREUR 's  FY82  program. 

Additional  POD  work  in  this  area  since  then  has 
involved  an  update  of  the  1980  USFK  studies,  the  study  for 
family  housing  at  Aberdeen  Proving  Ground,  and  an  analysis 
of  unaccompanied  housing  for  Fort  Ehafter.  Hawaii  (POD'S 
offices  are  located  at  Fort  Shafter).  There  have  been 
indications  that  other  branches  of  the  service  may  be 
interested  in  this  program. 


Concluding  Comment 


As  noted  above.  probably  the  most  powerful  aspect  of 
the  program  ECONS  is  the  sensitivity  analysis  routine.  By 
allowing  for  the  systematic  testing  of  results  for 
sensitivity  to  input  variables,  the  need  for  extensive  data 
support/confidence  for  non-sensitive  input  data  is  minimized 
or  alleviated.  Fairly  large  amounts  of  such  testing  can  be 
accomplished  with  a  great  deal  less  effort  than  if  a  “hit  or 
miss"  piecemeal  approach  were  used  with  manual  calculations. 

This  program  can  be  used  to  arrive  at  net  benefits  for 
other  types  of  projects  as  well.  The  most  obvious  that 
comes  to  mind  is  Federal  water  and  land  resource  planning 
studies.  Benefit  and  cost  input  data  could  be  formatted  for 
a  series  of  alternatives  for  a  given  problem  or  need,  and 
ECONS  could  be  used  to  calculate  the  net  present  value  of 
the  specified  array  of  alternatives.  with  sensitivity 
analysis  and  graphical  display  of  results. 

There  are  a  number  of  minor  limitations  to  this 
computer  program.  and  a  number  of  changes  that  could  make 
the  output  more  useable,  and  the  program  easier  to  use.  Its 
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use  is  now  in  the  early  stages  and  ECONS  mill  undoubtedly  be 
modified  as  user  suggestions  come  forth.  The  housing  study 
program  will  most  likely  also  continue  to  grow<  as  evidenced 
in  part  by  a  training  program  already  underway*  sponsored  by 
Huntsville  Training  Division,  Corps  Of  Engineers. 


A  Data  Collection  Handbook  For  The  ADP  Preparation  Of 
Department  Of  The  Army  Economic  And  Sensitivity  Analyses  For 
Military  Unaccompanied  Personnel  Housing.  Environment 
Capital  Managers.  Inc..  Under  Contract  With  The  Army  Corps 
Of  Engineers.  Honolulu.  Hawaii.  December.  1781. 


A  User's  Manual  For  The  ADP  Preparation  Of  Department 
Of  The  Army  Economic  And  Sensitivity  Analyses  For  Family 
Housing  Projects.  Environment  Capital  Managers.  Inc..  Under 
Contract  With  The  Army  Corps  Of  Engineers.  Honolulu. 
Hawaii.  February.  1982. 
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EXECUTIVE  SUMMARY 


The  Decision  Objective 

The  decision  objective  of  this  study  has  been  to  determine  the  most 
cost  effective  means  of  providing  adequate  family  housing  for  392  NCO  personnel 
currently  residing  in  inadequate  off-post  housing  at  Washington  Court  and  Lee 
Cdurt,  Edgewood  Arsenal  area,  Aberdeen  Proving  Ground,  Aberdeen,  Maryland. 

Major  Assumptions 

Present  value  calculations  utilized  a  discount  rate  of  10%, 
reflecting  current  policy  (Army  Regulation  11-28). 

Future  cost  growth  (inflation)  was  assumed  to  follow  Department  of 
the  Army  Program  and  Budget  Committee  (OACS-PBC)  projected  rates. 

Structure  life  for  both  new  construction  and  rehabilitation/ 
expansion  was  assumed  to  be  30  years. 

Expense  elements  which  would  be  the  same  for  all  alternatives  were 
not  included  in  the  analysis. 

The  period  of  analysis  for  the  study  is  25  years. 

Alternative  Courses  of  Action 


Construction  of  New  Housing  Through  the  MCA  (Military  Construction 
Army)  Family  Housing  Program:  This  would  take  place  over  a  3-year  period  in 
three  phases,  from  FY 1 983  to  FY1986.  The  site  would  be  on-post  at  Edgewood 
Arsenal. 


Rehabilitation/Expansion  of  Existing  Housing:  This  would  take 
place  over  a  4-year  period  in  three  phases,  from  FY1983  to  FY1987. 

Lease  Rental:  This  would  entail  the  block  leasing  of  housing 
units  on  the  local  economy  for  the  duration  of  the  period  of  analysis. 
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Economy  Housing:  This  would  entail  the  payment  of  Basic  Allowance, 
for  Quarters  (BAQ)  and  Variable  Housing  Allowance  (VHA)  to  the  individual 
personnel.  Housing  would  be  obtained  individually  by  the  servicemember  in  the 
local  housing  market. 

Economic  Analysis  Results 

The  analysis  indicates  that  the  least  cost  alternative  is  Economy 
Housing,  with  a  present  worth  cost  of  $38.3  million.  The  present  worth  costs, 
and  their  respective  average  annual  equivalent  values,  for  the  four  alterna¬ 
tives  in  this  analysis  are: 

Present  Worth 

Economy  Housing  $38.3  million 

Lease  Rental  $42.2  million 

Rehabilitation/Expansion  of  Existing  Units  $44.3  million 

New  Construction  $52.9  million 

*  Based  on  25-year  period  of  analysis,  and  a  discount  rate  of  10%. 

The  results  of  the  analysis  are  depicted  graphically  on  the  following  page. 

Sensitivity  Analysis  Results 

The  sensitivity  analysis  revealed  that  the  lease  rental  course  of 
action  would  be  the  least  costly  alternative  if  allowance  payments  were  14% 
higher,  if  lease  rent  payments  were  19%  lower,  or  if  utilities  costs  were  45% 
lower.  Rehabilitation/expansion  would  be  the  least  cost  solution  if  all 
construction  cost  estimates  were  50%  lower  than  estimated.  Determination  of 
the  least  cost  alternative  is  not  significantly  sensitive  to  changes  in  any 
other  cost  element  groups.  Since  there  is  some  doubt  regarding  the  local 
community's  capability  to  support  the  requirements  for  military  families 
presently  residing  in  inadequate  government  quarters  at  Aberdeen  Proving 
Ground,  the  lease  rental  and  economy  housing  alternatives  may  not  be  fully 
real  ist  ic 


Average  Annual 
Equivalent  * 

$4.22  mill  ion 
$4.65  million 
$4.88  mill  ion 
$5. 83  mill  ion 
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solutions.  For  these  reasons,  further  sensitivity  tests  were  conducted 
regarding  the  ranking  of  rehabilitation/expansion  and  new  construction  alone. 
Recurring  expenditures  for  maintenance  and  repair  and  utilities  for  newly 
constructed  units  would  have  to  be  less  than  half  those  costs  for  upgraded 
units  in  the  rehabilitation  alternative  for  new  construction  to  be  less  costly 
than  rehabilitation.  Similarly,  if  rehabilitation/expansion  construction 
costs  were  to  be  72%  higher  than  estimated,  or  if  new  construction  costs  were 
to  be  34%  lower  than  estimated,  new  construction  would  be  less  costly. 

If  the  rehabilitation/expansion  alternative  were  to  have  a 
15-year  life  cycle  instead  of  30  years  as  assumed  in  the  analysis,  a  second 
rehabilitation  would  be  required,  increasing  the  present  value  of  the  costs  by 
about  12%  to  $49.7  million. 

Comment 


This  economic  analysis  alone  is  not  a  substitute  for  sound 
management  judgment.  It  has  been  an  attempt  to  systematically  quantify  the 
relevant  variables  involved  in  each  of  the  alternative  solutions  for  achieving 
the  decision  objective.  As  such,  it  provides  documentation  that  economic 
factors  bearing  on  the  ultimate  management  decision  have  been  considered.  By 
spelling  out  the  costs  of  the  different  alternatives,  a  clearer  picture  of  the 
economic  implications  of  each  course  of  action  provides  management  with 
guidance  for  arriving  at  an  intelligent  choice  and  final  decision. 


Economic  Analysis  prepared 
by:  William  T.  Hunt 

Pacific  Ocean  Division 
U.S.  Army  Corps  of  Engineers 
Building  230 

Fort  Shafter,  Hawaii  96858 

Phone:  Area  Code  808 
438-2259 
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MILITARY  FAMILY  HOUSING  STUDY 
EDGEWOOD  ARSENAL — WASHINGTON  COURT  AND  LEE  COURT 
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TABLE  1 1 -2 


Services  (Variables  16,.  17,  18)  *  *  * 

Contract  Administration  (Variable  19)  *  *  * 

Administration  (Variables  20  &  21)  *  *  * 

V  Change  in  cost  element  which  would  result  in  indicated  alternative  being 
the  least  costly  alternative. 

*  Insensitive:  A  change  in  the  selected  cost  element  group  within  the  range 
of  -100%  to  +500%  would  not  result  in  the  indicated  alternative  becoming 
the  least  costly  alternative. 


There  is  some  doubt  that  the  local  community  is  capable  of 
supporting  the  housing  requirements  for  military  families  presently  residing 
in  inadequate  quarters  at  Aberdeen  Proving  Ground  (see  Appendix  D,  p.  D-l, 
regarding  DO  Form  1379).  For  this  reason,  the  lease  rental  and  economy 
housing  alternatives  may  not  be  fully  realistic  solutions  to  the  objective  of 
this  housing  study.  In  view  of  this  consideration,  additional  tests  were 
conducted  regarding  the  sensitivity  of  the  ranking  of  just  the  rehabilitation/ 
expansion  and  new  construction  alternatives.  Table  I I -3  summarizes  the 
results  of  these  sensitivity  tests. 


352 


Exhibit  5 


TABLE  1 1-3 

SENSITIVITY  TESTS,  REHABILITATION/EXPANSION 


Cost  Element 

Category 

Required  Chan 

Rehabi 1  it at  ion/ Expans  ion 

Construction  Costs  (Variable  2) 

+72% 

MCA  Construction  Costs 
(Variable  1) 

-34% 

MCA  Maintenance  and 

Repair  (Variable  10) 

2/ 

MCA  Utilities  (Variable  13) 

y 

MCA  Maintenance  and 

Repair  and  Utilities 
(Variables  10  and  13) 

-59% 

V  Change  in  cost  element  which  would  result  in  new  construction  (MCA)  being 
less  costly  than  rehabilitation/expansion. 

2/  The  rank  order  of  the  two  alternatives  is  insensitive  to  this  variable. 
Even  if  maintenance  and  repair  or  utilities  costs  for  new  construction 
units  were  zero  for  the  entire  period  of  analysis,  rehabi 1 itation/- 
expansion  would  still  be  less  costly. 

Table  1 1 -3  reveals  that  significant  changes  in  key  cost  elements 
would  have  to  take  place  in  order  for  the  new  construction  alternative  to  be 
less  costly  than  rehabi 1 itation/expansion  of  existing  units.  In  the  analysis 
which  produced  the  initial  rankings,  the  recurring  annual  cost  elements  of 
maintenance  and  repair,  and  utilities,  were  assumed  to  be  15%  less  for  new 
construction  units  than  for  either  e.sisting  or  renovated  units.  The  required 
percentage  change  figures  in  Table  II -3  refer  to  further  reduction,  in 
addition  to  the  assumed  15%,  for  the  applicable  cost  elements. 
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*Amounts  reflect  estimated  October  1983  price  levels. 


TABLE  A-l  (continued) 
COST  ELEMENT  MATRIX  SUMMARY 
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COST  ELEMENT  MATRIX  SUMMARY 
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0G0L'9&  000190  -  SELECT  ITERATIONS 

000297  000199  -  CHANGE  13  14  15 

000293  000200  -  LIMIT  500 

000299  000201  -  TIME  25 

COOTiCO  000202  -  RANK  2 
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Exhibit  8 
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oocj'j l  0002 38  -  select  iterations 

000.352  000239  -  CHANCE  19 

000353  000240  -  LIMIT  500 

000354  000241  -  TIME  25 

000J55  000242  -  RANK  1 
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000551  000381  -  RUN  TITLE  '7.  CHANGE  IN  MNT  AND  RPR  AND  UTILITIES  FOR  MCA!< 

000553  000381  -  UNITS  FOR  MCA  TO  BE  LESS  COSTLY  THAN  LEASE' 

000553  000382  -  SELECT  ITERATIONS  1  3 

000554  000383  -  CHANGE  10  13  15 

000555  000384  -  LIMIT  500 
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DAMAGE 


Summary 


Damage  computes  average  annual  damages  either  for  a 
given  hy drolog  ica  1  ly  defined  condition)  or  for  two 
separately  defined  conditions.  When  two  conditions  are 
specified,  the  program  treats  the  first  condition  as  the 
wi th out-pro j ec t  condition  and  the  second  condition  as  the 
with-project  condition,  and  computes  the  difference  as 
inundation  damage  reduction  benefits  attributable  to  the 
project.  The  program  is  oriented  primarily  to  urban  area 
analysis  and  does  not  readily  lend  itself  to  agricultural 
flood  damage  evaluation. 


Required  Input 


Water  surface  profile  data — Exhibits  1  and  2  show 
coding  sheet  format  for  organizing  data,  and  a  sample  water 
surface  profile  data  file. 

Damageable  property  data — Exhibits  3  and  4  show  coding 
sheet  format  and  a  sample  property  inventory  data  file. 

Standardized  depth-damage  data — Exhibit  5  shows  a 
sample  depth-damage  curve  data  file,  annotated  with 
appropriate  coding  information.  Exhibits  6  through  8  show 
these  curves  graphically. 


Outline  of  Process 


The  program  calculates  damage  resulting  from  each  flood 
flow  ontained  in  the  water  surface  profile  data. 

The  program  computes  the  area  under  the  damage  - 
exceedence  probability  curve  for  the  given  condition  using 
the  trapezoidal  integration  method  (i.e. ,  assuming  straight 
line  segments  between  computed  points),  resulting  in  an 
average  annual  expected  value  amount.  Exhibit  9  is  a 
graphical  depiction  of  this  process. 
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Damage  computations  are  done  by  computing  flooding  over 
the  ^irst  floor  of  each  s tr uc ture/damag e  unit  (the  user  may 
specify  more  than  one  damage  unit  per  strucure<  as  in  the 
case  of  several  commercial  establishments  in  the  same 
structure)  by  comparing  the  first  floor  elevation  to  the 
flood  elevation  for  the  given  flow  at  the  stream  station 
reference  location  at  which  the  structure  is  located.  Once 
the  level  of  flooding  is  calculated.  damages  to  all 
structures  and  to  residential  contents  are  computed  using 
standardized  depth -damage  curve  input  data  that  relate  depth 
of  flooding  in  the  structure  to  damage  (expressed  as  a 
fraction  of  total  market  value).  Damages  to  contents  of 
non -residential  units  are  computed  with  user-specified 
depth-damage  data  specific  to  the  individual  damage  unit 
(usually  obtained  by  survey  interview).  In  the  damage 
computations,  the  program  interpolates/extrapolates,  subject 
to  a  built-in  constraint  limiting  non-residential  content 
damage  to  80'/.  of  total  content  market  value.  unless 
otherwise  specified  by  the  user  in  the  property  inventory 
input  data. 

There  are  damage  curves  for  structures,  and  for 
contents,  by  building  type.  There  are  curves  for  high 
velocity  and  low  velocity  flow  zones.  Zones  and  building 
types  are  specified  by  the  user.  Exhibit  10  shows  a  sample 
interactive  session  for  a  Damage  computer  program  run. 


Program  Output 


Exhibit  11  shows  portions  of  output  from  the  sample 
run.  In  addition  to  the  output  shown  in  the  sample  the 
program  generates  input  data  for  doing  graphics  with  the 
graphics  program  CEEGX. 


Limitations 


The  primary  limitations  of  the  current  version  of 
Damage  are  related  to  the  fact  that  the  program  has  been 
developed  with  typical  flood  plain  characteristics  found 
within  POD's  jurisdiction  in  mind.  The  program  tends  to  be 
oriented  to  single  story  flooding,  although  basements  can  be 
included  with  certain  adjustments.  Also.  the  program 
calculates  content  value  for  residential  units  using 
structure  value  as  input  with  a  built-in  calculation  based 
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on  a  POD  study  for  a  residential  flood  plain  in  Hawaii 
Finally,  there  are  limitations  associated  with  the 

two-dimensional  nature  of  the  water  surface  profile  and 
property  location  data.  While  the  program  does  not 

automat i c a  1 1 y  handle  intra-f 1 oodp la  in  peculiarities  such  as 
ponding  areas,  swales,  and  localized  flow  diversions,  the 
informed  user  can  make  separate  Damage  runs  for  these 
conditions  if  sufficient  information  is  available 


Further  Information 


The  conceptual  framework  for  this  program  grew  out  of 
the  use  in  POD  of  a  program  called  Urbdam,  introduced  to  use 
in  POD  by  Dr.  James  Dexter,  who  formerly  used  Urbdam  in 
flood  control  evaluation  studies  in  St.  Louis  District, 
Corps  of  Engineers.  The  conceptual  design  for  Damage  was 
formulated  by  POD . Ec onomi s t  William  Hunt.  The  program  was 
written  by  Linda  Blake  and  Michael  Fenton,  POD  ADP  Center, 
Engineering  Systems  Analysis  Branch.  It  is  currently 
written  in  Fortran  and  is  used  on  POD's  Harris  125  computer 
For  further  information  on  Damage,  contact  POD  Planning 
Branch,  Engineering  Division  (William  Hunt  808-438-2259),  or 
POD  ADP  Center,  Engineering  Systems  Analysis  Branch  (Michael 
Fenton  808-438-9500). 


Profile  Data  File  Coding  Sheet 
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T  DISASTER  STREAM  FLOOD  DAMAGE  REDACTION  STUDY* 
T  WATER  SURFACE  PROFILE  DATA  FILE:  WSPTEST 
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83.9 

«7. 1 

9  0 . 4 

D 

5950 

0 

70.8 

78.3 

78.9 

79.8 

82.9 

«fa.  4 

89.9 

D 

5510 

0 

71.1 

78.5 

79.3 

81.7 

84.6 

88.0 

91  .5 

D 

5705 

0 

7b  .  9 

78.0 

80.9 

83.8 

85.2 

87.8 

°0 .6 

379 
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6065 

6100 

6500 

6760 

6950 

7055 

7215 

7100 

7580 

7780 

7900 

8250 

8475 

8670 


0 

15070 

0 

15520 

o' 

15980 

0 

16260 

D 

16680 

0 

17060 

10140 

10100 

10500 

10700 

10850 

11040 


5 

11550 


11845 

11945 


11020 

11440 

13840 


18050 


18580 


■  f  •  •  .■  ■ 


D 

10690 

0 

503.2 

504.2 

504.8 

506.1 

506.6 

507.2 

507.7 

D 

19980 

0 

512.7 

513.6 

514.3 

515.8 

516.5 

517.3 

518.1 

0 

20260 

0 

543.0 

543.6 

544.3 

545.3 

545.7 

546.2 

54  b  .  b 

D 

20590 

0 

562.9 

563.7 

564.3 

56S.6 

566.3 

567.1 

567.9 

D 

20750 

0 

573.0 

573.9 

574.5 

575.9 

576.4 

577.0 

577.6 

D 

21130 

0 

583.4 

5*4.4 

585.1 

586.4 

587.0 

587.7 

588.4 

D 

21510 

0 

603.7 

604.6 

605.3 

606.7 

607.4 

608.1 

608.8 

D 

21910 

0 

624.4 

b25  •  6 

626.4 

628.3 

628.9 

629.8 

630.6 

D 

22360 

0 

644.6 

645.8 

646.6 

648.3 

649.3 

650.1 

65 u.  9 

D 

22700 

0 

664.4 

665.6 

666.5 

668.3 

668.8 

669.6 

670.4 

D 

22980 

0 

685.5 

686 . 6 

687.7 

689.7 

691.1 

692.3 

693.4 

D 

23190 

0 

603.2 

695.6 

697.2 

701.5 

700.4 

702.0 

703.5 

D 

23240 

0 

692.0 

694.1 

695.7 

699.9 

702.3 

706.3 

710.4 

0 

23280 

0 

690.4 

692.1 

693.7 

699.9 

702.0 

706.1 

710.2 

D 

23330 

0 

697.8 

699.8 

701.3 

704.5 

705.  b 

706.8 

708.1 

D 

23550 

0 

703.6 

70  4.7 

705.4 

707.1 

707.8 

708.6 

709.4 

D 

24100 

0 

713.6 

714.7 

715.4 

717.1 

717. B 

718.6 

719.4 

D 

24550 

0 

723.3 

724.3 

724.9 

726.3 

727.0 

727.5 

728.0 

D 

24960 

0 

735.6 

737.0 

738.0 

739.7 

740.3 

741.2 

742.1 

D 

25370 

0 

745.9 

747.7 

748.9 

751.7 

753.0 

754.3 

755.5 

T  DISASTER  STREAM  FLOOD  DAMAGE  REDUCTION  STUDY 
T  WATER  SURFACE  PROFILE  DATA 
T  WITH  PROJECT  (100  YR  DESIGN) 

C  3 

Y  100  300  500 

S  120 


* 

* 

0 

D 

0 

D 

0 

0 

D 

D 

D 

D 

D 

D 

D 

0 

D 

D 

0 

D 

D 

D 

D 

D 

0 

D 

0 


sta  no 
0 

220 

430 

650 

900 

1150 

1450 

1730 

2000 

2300 

2630 

2900 

2950 

3000 

3050 

3100 

3260 

3350 

3419 

3420 
34P0 
34*1 
3535 


100  YR 


0 
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0 
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0 

0 

0 

0 

0 
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0 
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0 

0 

0 

0 

0 

0 


0 

0 

0 


300  YR 

500  YR 
(SPF) 

3.2 

2.9 

3.3 

3.2 

3.5 

3.4 

3.9 

5.0 

5.4 

6.1 

5.7 

6.5 

6.0 

6.9 

6.6 

7.0 

6.8 

7.1 

7.8 

7.6 

8.5 

8.3 

8.6 

8.4 

8.5 

8.5 

8.6 

8.8 

9.3 

9.3 

9.6 

9.5 

9.9 

10.6 

11.4 

10. 6 

11.3 

10.6 

11.3 

10.6 

1  1.4 

12.3 

1  1.4 

12.8 

11.0 

12.3 

14.3 

15.1 

17.3 

17.7 

20.5 

21.5 

9. 
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PROPERTY  INVENTORY  CODING  SHEET 


’ 

-  -  v  * 

1 

; 

1 

■J. 

* 

PITEST 

• 

m 

THIS 

IS  A 

sample 

PROPERTY 

INVENTORY  F*T LF 

F DP  USP  AS  A 

RENUI RED 

fa 

* 

INPUT 

OATA  file 

TO 

RUN 

THE  on 

oamage  program. 

» 

SSL 

3 

2 

2 

4 

25 

1 

1C 

1300 

s 

6.4 

25 

51.1 
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0.0 

1 .6 

19.8*554 
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* V*  * 

3 

? 

? 

a 
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1 

1C 
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s 

6.4 

25 

49.7 

20.4 

0.2 
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3.2*:554 

1 

,*  . 

3 

2 

2 

6 

27 

1 

1C 

2950 

s 

8.2 

25 

4  0.1 

36.0 

9.6 

12. n 

36.0*554 

1 

3 

2 

3 

8 

29 

1 

1C 

2980 

s 

6.3 

15 

15.7 

9.6 

0.6 

6.2 

9.4*580 

2 

r 

' 

3 

2 

3 

8 

29 

1 

2C 

29b0 

s 

6.6 

15 

15.7 

54.0 

0.6 

1.7 

5.8*763 

2 

i. 

L_ 

3 

2 

3 

8 

28 

1 

4C 

2970 

s 

7.5 

15 

4.9 

7.6 

0.4 
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2 

j- 

» 

) 

3 

2 

3 

8 

1  b 

1 

5C 
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6.7 

25 
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34.6*572 

2 

1  c 

tm 

3 

2 

3 

8 

lb 

1 

4C 
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2 
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32*11  8  2  IP  3680  S  20.3  10  1.56  3  6 

3  2  2  8  30  3  1R  0000  S  21.6  10  2.76  3 

3  2  2  8  30  1  1R  0000  V  20.0  10  2.7 fa  3 

3  2  2  8  30  2  IP  OOOO  S  20.8  10  2.7fa  3 

3228  9  1  1R  0030  S  30.0  10  1.00  3 

3  2  2  8  13  0 ' 1 R  0000  S  23.2  10  1.92  3 

3  2  2  .8  13  0  2R  0000  S  23.2  10  1.92  3 

3  2  3  11  0  3  1R  0050  S  22.0  10  1 .fa8  3  20 

3  2  3  11  0  2  1R  0050  S  22.0  10  l.feB  3  2C 

3  2  3  19  6  1  IP  5300  S  75.2  10  7.20  0 

3  2  3  18  70  1  1R  5300  S  73.6  10  1.20  3 

3  2  3  18  1  1  1R  5390  V  71.2  10  10.32  3 

3  2  3  19  16  1  6R  5080  S  60. 0  25  16.80  <i  3 

3  2  3  19  38  2  1R  5500  S  60.0  15  12.00  o  3 

3  2  3  19  38  1  3R  5500  S  65.6  25  10.80  0  ;> 

3  2  3  19  27  1  1R  6110  V  80.8  10  18.00  0  2 

3  2  3  01  20  3  1R  6200  V  80. 0  10  6.36  0 

3  2  3  01  20  2  1R  6035  V  80.8  20  6.36  0 

3  2  3  01  20  1  1R  6550  V  86.0  10  6.3fa  n 


*  THE  PROGRAM  ,VTLL  IGNORE  LINES  STAPTING  WITH  AM  ASTERISK  (*)  IN  COLUMN 

*  1,  SO  THAT  DOCUMENTATION  COMMENTS  CAN  BE  ENTERED  tN  THE  PROPERTY  INVENTORY 

*  INPUT  FILE.  OR  ANY  OF  THE  OTHER  INPUT  FILES  USED  TN  THE  DO  DAMAGE  P»Or,RAM. 

*  TWO  EXAMPLES  OF  VERY  USEFUL  COMMENTS  FOR  USE  TN  DOCUMENTING  PROPERTY  IWEN- 

*  TORY  FILES  ARE  (1)  GENERAL  NOTES  REGAPDING  SUCH  THIN3S  AS  PRICE  LEVFL, 

*  CONDITION.  ETC.,  AND  (2)  FOOTNOTES  CFPOM  COLUMNS  79-80  OF  INVENTORY  ENTRIES) 

*  AND  DESCRIPTIVE  INFORMATION  REGARDING  SUBAREA  UR  PEACH  BOUNDARIES.  IT  TS 

*  ALSO  A  GOOD  IDEA  TO  ENTER  THE  NAME  OF  THE  FILE  SO  THAT  HARD  COPIES  WILL 

*  BE  BETTER  REFERENCED. 


12  3  *4567 

S^7fcOQ1?34:>67K90i2  34  56  7g901234567Pqni234SC>7J9Ql  2  34  5<  78901  23456789ri  2345678  90 
I  ‘  r-  8  (Number  of  feet  and  number  of  building  type  curve  sets,  respectively) 

~ =T  -7  -f  -5  -4  -3  -?  -1  0  1  2  5  4  5  "?  7~  ~  t~  9  11" 

_ c _ 0  _  D__  n  _  C  0 _ 0 _ 0  0  .18  .25  .30  .34  .37  .39  .41 _ .43  .45  .47 

c  o  ’  n  n  *  r  .  1 5  .17  .20  i  .o  i.o  i.o  i.c  i  .o  i.o  i.o  i  .o  i.o  i  o  i  .0 

P0nri0  0  00n  .26  .40  .51  .61  .67  .  72  .76  .79  .-1  .23 

_ n  o  o  n  o  .  02  .  04  .ot  .11  .40  .ss  1.0  r.o  1  .o"i  .0  1.6 "i'.o'i.o  1.6 

-  J  -7  -6  -5  -4  -3  -?  -1  0  1  3  I  4  5  ?  7  8"'~? 

000000000  .18  .28  .30  .34  .37  .39  .41  .47  .45  .47 


0  .73  .4  3'  .  t 


.0  1.0  i.o  ’ .0  1 .0 


C  0  .26  .40  .51  .61  .67  7?  .71  .79  ^81  .87 
C  .1  1  .40  .85  1  .0  I'.O  '1  •£  1  .‘0  1.0  1  .0  1  .0  1  .0 


-3  -2 

0  0 


0  ’  i  ?  I  ”4  5’  6  “7  8  V  1o 
0  .18  .25  .50  .54  .37  .3°  .41  .43  .45  .47 


*  OOC.TfST:  THIS  IS  A  D  F  FT  P  DAMAGE  CURVE  INPUT  FILE  F0R  USE 

»  IN  A  TEST  RUN  0 F  THE  PROGRAM  CALLED'  00  DAMAGE."  IT  CONTAINS  STANDARD-' 

»  I  Z  F  3  DEPTH  OAMAGE  CURVES  FOR  STRUCTURE'S  AND  CCNTFNTS,  S0TH  FflR  HI _ 

*  VELOCITY  ANO  LO  VELOCITY  FL0W  2 ONES  "DEFINED  ?v  THE  USE'S. 

«  THE  CURVES  RELATE  FEET  0 F  F LOOPING  OVER  THE  FIRST  FLOOR  T0  DAMAGE _ 

*  EXPRESSED  AS  A  FRACTION  0F  TOTAL  MARKET  VALUE. 

«_THESE  CURVES  D0_NO2*P81-T  IN  THE  CASE  OF  N0NRE  SI  D  E  NT  I  A  L  C0NTENT5, _ 

*  WHOSE  CONTENT  OAMAGE  D A T  A  I  S  ' 06 T A  I N E D  DIRE  CTL  Y  (BY  INTERVIEW,  F  0  R 

*  EXAMPLE)  AND  ENTERED  I_N  THF  PRQPEPTY  INVENTORY  DATA  INPUT  _FJLE.  _  _____ 

*  ENTRIES  THAT  START  WITH  "AN  ASTERISK  "IN  COLUMN  1  APE  FOP  DOCUMENTATION 

*  AND  CUIDANCE  ONLT,  SUCH  AS  THE  COLUMN  NUMBERS  «T  THE  BEGINNING  AND 


*  END  0  F  THE  DATA  BLOCK  AoOVE,  AND  ARE  IC.N0RED  EY  THE  FROrRAM. 

NOTEj  _  A  L  T  H  0  U  G  H  _C  ?  L  L  M  N  _  HEADJ  N  C  CUIDELINES  ARE  INCLUDED  AT  THE  T0P  QF  THIS 

*  SAMPLE  file.  The  CURRENT  VERSION  0F  The 'PROGRAM  WILL  NOT  RUN  IF  THE  DEPTH 

*  DAMAGE  CURVE  INPUT  DATA  FILE  STARTS  eUT  WITH  A  COMMENT  ENTRY. 

eot  y. 


(Building  types  may  be  arbitrarily 
set  up  by  user.  The  building  type  — 

code  entered  in  the  property  inventory 
data  file  isuaed  by  the  program  to 
link  up  with  the  appropriate  depth  damage 
curve) 


Feet  of 
flooding" 
over  first 
floor- 


FEET  OF  FLOODING  OUER  FIRST  FLOOR 


FEET  OF  FLOODING  OVER  FIRST  FLOOR 


*4  9 


QCCCOU 


Exhibit  8 


FEET  OF  FLOODING  OUER  FIRST  FLOOR 


Sample  Interactive  Session 


DC  DAMAGE 
BEGIN  DAMAGE 

AVERAGE  ANNUA:  DAMAGE  AND  BENEFITS  PROGRAM 


-  W 2  =  PROPERTY  DAMAGE  CALCULATION  DATA  EASE 
W6  =  CALCULATION  TRACI  (, DEBUG )  PILE 
HCW  MANY  WATER  SURFACE  PROFILE  DATA  SETS?  1  OR  2 ) 

*  2 

ENTER  RATIO  OF  ASSESSED  STRUCTURE  VALUE 
TO  MARKET  VALUE 


*  .  6 


ENTER  PROJECT  — 

DISASTER  STREAM,  ANYWHERE, 
ENTER  PRICE  LEVEL  — 

OCTOBER  1952 

ENTER  LEVEL  OF  PROTECTION  - 

iea  year 

ECT  --  DISASTER  STREAM, 
PRICE  LEVEL  —  OCTOBER  1982 
LEVEL  OF  PROTECTION  —  100 


ANY  CHANGES?  (Y/N 


< 


U.S 


If  structure  values  are  entered  as 
assessed  values  in  the  property  in¬ 
ventory  data  file,  they  will  be  converted 
by  the  program  using  this  variable. 

If  market  values  are  used,  enter  1.0. 


ANYWHERE, 


U.S .A. 


m 


|  For  documentation 


*  N 


===>  WATER  SURFACE  PROFILES 

INPUT  FILE  NAME  ? 

*  WSPTEST 

WSPTEST  OPENED  *  User  entry 


...  =  =*>„.  STAGE  DAMAGE  CURVES 

INPUT  FILE  NAME  ? 

*  DDCTEST 

DDCTEST  OPENED 


===>  PPOFERTY  INVENTORY 

INPUT  FILE  NAME  ? 

*  PITTEST 

FITEST  OPENED 

ENTER  STAGE-DAMAGE  OFTION  —  - - -  - _ 

1  =  LOW  V1L0CITY  [Uses  low  velocity  depth  damage  curves 

2  =  HIGH  VELOCITY  for  all  units,  or  high  velocity  curves 

-  _3_= — US*.  PROPERTY  INVEN10RT  CQDEjfor  all  units,  or  uses  curves  as  indicated 

*  3  [in  the  property  inventory  file . 

STAGE-DAMAGE  OPTION  —  USE  PROPERTY  INVENTORY  CODE  ‘ 

ANY  CHANGES  ?  (Y/N) 

*  N 


„  CALCULATING  .DAMAGES  ... 

DISASTER  STREAM  FLOOD  DAMAGF  REDUCTION  STUDY 
WATER  SURFACE  PROFILE  DATA  FILE:  WSPTEST 
WITHOUT'  PROJECT 

DISASTER  STREAM  FLOOD  DAMAGE  REDUCTION  STUDY 

WATER  SURFACE  PROFILE  DATA 
WITH  PROJECT  (100  YK  Dr-3  IGN ) 

Exhibit  10 

CALCULATIONS  DONE 

ENTER  OPTION (STOP. DATA  .CALC .REPORT .GRAPH  .  uF LP ) 


Sample  Interactive  Session 


===>  SENERATED  REPORTS 

OUTPUT  FILE  NAME  ? 

*  TESTOUT 
TESTOUT  OPENED 

tf HAT  REPORTS  DO  YOU  NEED? 

_  1  =  MINIMUM  SUMMARY  REPORT  -  _ 

(ANNUAL  DAMAGE  TOTALS  BY  RETURN  PERIOD; 

2  =  FULL  PROPERTY  INVENTORY  CALCULATIONS 

(BY  RETURN  PERIOD) 

3  =  SUBTOTALS  BY  SUB-AREA 

4  =  SUBTOTALS  BY  RESIDENTIAL/NON-RES. 

_  5...=  .SUMMARY  OF.  STRUCTURES  AND  UNITS 

*  1 

MORE  REPORTS  ?  (Y  OR  N) 

*  Y 

irfhAT  REPORTS  DO  YOU  NEED? 

*  2 

...MORE  REFORTS  ?  (Y  OR  N)  . . .  .. 

*  Y 

rf HAT  REPORTS  DO  YOU  NEED? 

*  3 

MORE  REPORTS  ?  (Y  OR  N) 

*  Y 

...WHAT  REPORTS  DO  Y.OU_NEED?_.  ...  ...... 

*4 

MORE  REPORTS  ?  (Y  OR  N) 

*  Y 

WHAT  REPORTS  DO  YOU  NEED? 

*  5 

...MORE  REPORTS  ?.  (  Y.  OR.  N) _ _ _ _ _ _  . 

*  N 

ENTER  OPT  ION (STOP .DATA, CALC .REPORT , SR APH , HELP ) 

*  STOP 

FILES  CONTENTS 


_ TESTOUT. 

rf  2 
*6 

PITEST 

<ISPTEST 

DDCTEST 


REPORT  FILE  _ _ ... 

PROPERTY  DAMASE  DATA  BASF 
CALCULATION  TRACES  -  DEBUGGING 
PROPERTY  INVENTORY  INPUT  FILE 
i/ATER  SURFACE  PROFILE  INPUT  FILE 
STAGE  DAMAGE  CURVE  INPUT  FILE 


*  User  entry 


Exhibit  10 


Sample  Output 


,  •*- 

PROJECT  --  DISASTER 

ST PE AW,  ANYWHERE, 

u.s. 

a. 

PRICE  LEVEL  --  OCTOBER 

1  PM? 

LEVEL  OF  PROTECT  I  UN 

mm  mm 

100  YEAR 

PRfiPFRT  i  INVENTORY 

INPUT  FTLE  NAME  -- 

PI7EST 

WATER  SURFACE  P90FTLF 

INPUT  FILE  NAME 

—  aSPTLST 

■ 

stage-damage  curvcs 

TuPUT  EIIF.  NAMF  - 

-  ddctest 

STAGF-DAMaGE  OPTION 

USF  PROPERTY  TNVEU1DRY  CODE 

**  •* 

DAMAGE- 

FREQUENCY  DATA  AND 

AVfRAGF  annual  BEjEFTTS 

FOR 

i 

REST  UFNT I AL 

AND  NO'l-RESTDFUT  I  AL 

STRUCTURES 

AND  CONTENTS 

(DAMAGE  ESTIMATES 

T'\l  i  1 , 0  o  0  '  S  ) 

■/ 

>  ■  • 

,v 

l  .  - 

damages  WITHOUT 

PROJECT 

*f| 

RECURRENCE 

STRUCTURE 

coMTr.T 

TOTAL 

INTERVAL 

DAMAGE 

DA MASF 

damage 

1  .5 

0 . 0  0  o 

0.000 

O.ouo 

?.o 

1 66. 4 47 

315.091 

4a1 .559 

5.0 

272.7  33 

570.59? 

*52.325 

i 

10.0 

335. 470 

720.175 

1  0 oO  .64*' 

SO.O 

556 . 7 i n 

1 095.28? 

165?. 001 

100.0 

649.609 

l2.ih.PuO 

1R06.44K 

500.0 

757.300 

1406.936 

2160.2P7 

m  ’ 

SOO.O 

«E5.«36 

1511.055 

2536.094 

■ 

damages 

.*  i  r  h 

PRO  JF C  T 

RECURRENCE 

structukf 

CUNTFNT 

TOTAL 

INTERVAL 

damage 

damage 

llAMAGF 

m 

100.0 

0.000 

0.000 

0.000 

k- 

300.0 

222.685 

4B7.97P 

710.663 

s'  .• 

500.0 

228.745 

50B.617 

737.362 

Pl  •- 

m 

AVERAGE  ANNUAL 

BENEFITS 

■ , 

average  annual 

damages 

%  * 

condition 

STRUCTURES 

contents 

TOTAL 

;•/> 

W/0  PROJECT 

1 59.273 

3  2  '4 . 3  1  B 

4  6  3.590 

WITH  PROJECT 

1  .501 

3.30P 

4  .BOO 

benefit 

157.772 

321.009 

478.781 

Exhibit  11 


PRPJFCT  --  DTSASTfcP  STREAM#  ANYWHERE,  U.S.A. 

LEVEL  OF  PROTECTION  --  mo  YEAR 
PROPERTY  INVFNTOPY  INPUT  FILE  NA*E  —  PITEST 
STAGE-DAMAGE  OPTION  —  USE  PROPERTY  INVENTORY  CODE 
(DAMAGE  AMOUNT  IN  5  THOUSANDS) 


The  following  four  pages  of  sample  output  show 
the  development  of  the  detailed  calculations 
leading  to  the  aggregate  damage  amounts.  The 
output  for  which  there  is  a  1  in  the  last  column 
with  the  heading  J//  are  for  the  without-project , 
or  first  hydrologically  defined  condition.  The 
output  pages  with  the  2  in  the  last  column  are 
from  the  with-project,  or  second,  condition. 
These  pages  are  just  a  portion  of  the  test  run 
and  show  results  for  both  residential  and  non- 
residential  properties  (indicated  in  CR  column) . 
The  without  and  with-project  results  attached 
cover  roughly  the  same  portion  of  the  property 
inventory  data  file. 


Exhibit  11 


Sample  Output 


A  a  ru  a.  a  a  r„ 


£  <  c  c  c  e  e-  c  c  c  c  c  rccccc*^NNi 


•  r».r-AAAAAAAAt/,i/sU',k/'ir;/‘‘l/''br' 


i  c'cca-ccrcrcccrr-acc-'jr^r^r^c'-'cc 


.^^aac.arxxarxecxxcCiax't 


|  ^  ^  ^  —■*'  ^  »/«  i/*  rA  ^  p/»  ^  • 


‘.  w.»/'-\;'\JAAJr\JAAAAAA  AJ  "V  Aj  rj  A 


AAAAjAAAiAAAAAAAAjAAAAX.  A  A  A  A  A  A  A  A  A  An  AAAjAAAAAAAAAA;AAA  i\  a 


— i.^JOC.OOOC'OAJ'A^JOOOOCAl^OOOCOOCC  O  e*  G  •0000e-©30'’**>‘~  —  —  .—  GOOfTA/X^P* 

c  oooocc  —  *-k>cccoc?*^  —  e  c  c  c  cc  oecoecc.  ccc*,oc*A^tri/'Lrircc  cc  x  <y  c.  ** 
*-«xoc'03'or*.o;?-co©oi_>o— y.no'oooGoooxroo'oooGo©?  —  ?jj?03Ci0T£ 


*—  <*  c.  *r  o  3  c-  o  ©  o  —  Aioccoofyfti^o:  0000©  o  ■ 


oo©.©— >©o©a-c©o©oo©.  ©-•• 


u-coc-cccco'^'crccccccxccrcocoooccocccccocoTr'^- - —  —  c  ©  ©  A  X' 

OOOOOOCOA,—  •AOOO^O^J-tO-OCOOO^OOOSOOOCOCOOC^J^wPLAr'OS^O'^iT 

cc“cccc©©=*r’“c  r  c  c-ccr  —  cc'croc  occcceococor-eocc:^  —  —  —  c  c  c  <r  c  ? 

«re©ceccoc:  —  —  c-©©<=c—AAc-c©ecc©©ececc:c©<->eGc:Axxx>ccc-ee~  — 


^'X'CeOGGOeAAC'OOOGOS©—  CCCOCCGC.CGCCGGOGCC—  O.COGGCCCOXC 
UJ  ^  "O  ©  ©  OOOOOAJ'^OOOOOAJ.ArTOOOOOOOOGOOO  000©©©©-r'©00  O  ©  ©  O  ©  — •  “A 


i  X  X  X  X  XXXXXXXXXXXXXXX  XXXXXXXXXX-OXXXXXXXXXXXXf>-A©l 


u.cccceccAOr'ee  c  c  r  f>  o  ©GCCccoGCeoc-ecoeGc  o  *a  c  ccooc  c  c  c  c  - 
JOCC  oooaj'Ooc  or  30'''»r-.A©::'©3..o-3GG©G©0  30  ooo©r'*3  0G>o©oo©G.A-3A<pA 

<ccccccc—  xccrocccxac.  cc.cccccccecocccco«i^ffxcxffccccer-fvi/ 
•rccccc-ccc'-rccc  oc-cc  c  —  c  ococgocc-ggoooc.  ©©©©^^^ococce©  — 


Cocc,ccc.ou*a"c:c:cooc-^-rv.u-ocec‘c.cc;c:cccccc.cecccccc:oc:c:cGc>o  —  o 
*  5  3  o  o  ©  o  ©  oo— Ajoogoo  —  •maioooooooooo  ocoooooooooo  ooocroro  —  a» 

c  . . . . . . . 

I  C’S'OOCJOOOGOOGOOOOOOG’GGOOOOOOOOOOOGOO©©*-*.-..-.—  — •  oooooo 

*-■ 

u^^^»^T=r^rrcyr’c’TTr.'Ti*3?Tc7.T'r'=T3C7r’.-Toc:r\r\r\AAAAAiriririri/'iririroa‘<yc'ocyfro- 


*>•  f'"  i  r<"  i  3  x»a<x»axop'*iaiX'0'X  —  ©cAirx<r*''p"C»=j©3c0tf'iaAXGiro©ALrAo^a‘i/'XP''  —  x 

i(\.f\r\j>^^-ccc  —  A  *a  —  —  eo«-A-*.  Xf  a  —  C-  —  ©CC  P--  X  X  r~~  £^>c,,''l''?l/‘ca  i/’-C- 

•  *  —  *111  —  (III  —  I  I  I  »  I  I  I  A  —  — •  — *  I  |  |  |  —  |  I  rvj  |  |  | 

I  I  I  «  I  I  I  «  I 


D  />  O  -  \  r.  X  —  O  .T  —  J*1  * 


1  O  —  -  iT  3  :T  ~  r~-  O 


1  7  O  l?  -  A  "A  ©  -3  O  ©  ~  —  A  3  3  .T  O  ©  —  -«  AJ  7iTl/'0-.7IO-'\JMC-3’<r3- 

1 T"  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  ——  —  —  r\.  A1  A  A  —  —  —  A'  A 


’  ©  3  3  O  O  ©  C  3-0  O  O  c,  o 
P'-p-ccaaaxxa  c  o  o  c 
■  A  A  A  A  A  \  \  >p  -  v* 


©  O  G  0  3  O  OCGOOOOCOO  o  o  o  o 

■AAA  AA  AAA  —  —  —  —  —  —  —  —  —  —  —  —  • 

*  ■**  —  -A  X  X  X  XX  XX  XX  X  ox 

K  K  k'  K  r'-prrr+r’+'V'r*-*'  t*r  *r  r*  \ 


(X  «*  AAAA  AAAAAAAAAJAAAAiAA  AAAAAAAAAAAAAIAA'A*A'AA'*"i>AfA'A*A,A-*>»/>.A»A  -A  -A 
o'Y^o.r  >  fTTr  r  Y  a-  *v  rr  *  *r  rr  :r  or  .i*  rr  t  t  rr  a:  .O’  tr  :r  cr  ar  .'r  r  rrirT'YTfrj'j'r.rJrir.'rTCM'itrO' 

t-*5  0  0  0  3  0  0  300  000  ->©300©  003  00  00  “  OOOoOOOOO  OOGOOOwCSC. 0  0030 

_,  rz  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  _ ,  —  —  —  —  —  —  —  — 

’  .Ooirooooooovoooooocir'oooo  rOOlAoOOOOOOJ^OOOOOOOlAOOOOOOO 

^  2  . . . . 

U-  X  O  3  —  A  _f  C  ©  O  3  —  A  J"  G  O  0  3  0  —  A  iX  ©  O  G  3  3  —  A  iA  G  O  O  O  <3  —  \  iT  O  ©  ©  ©  ©  —  AjlTOOOOO 
Q  a  x  O  —  X  O  G  C  -  IT  C  O  —  X  C  C  C  —  ITOC.C  —  ITCCC  -  IT  C 

lT  —  —  vX  — .  >A  if-  —  J*~  lX  —  rv-  iT  —  'A  l/>  — 


—  /“/\,rv<\  o  cj  =•  j'  ^  i/v^5r  ;~p/pp/./-___^  —pr-  'vrvrv—  —  — 

i/’ir/'cccN^-srtrt'ceri  it.  xxx.rxxce.o'v/vrv.osffcjc-cc  —  —  ~  c  -c  -o  <  xxcacn-r-" 

—  \l  V  'XJ  O  -C  'V  "V-\J  'V^'  *\.^\.  'V  "U  'X'V,  —  ~  — .  —  —  —  —  —  —  . 

>■ 

sr  3S'3?;i^i£ijccaaia  axcrxxaarcr*/'r/",''*rr/‘*/'o:?0''/''*/'»/‘»/'r'“>*/'iXtt.xxx'/‘,rrr/'ir/'r/ 

a 

>v  i\f\j^.'\jf\jfvfvf\  Aj»V(V^jftl.^/\,f\i^f\jr\,fVf\j'\jf\Jr\jA  r\Jrv.^\,rvjAjivrv<\.f\ja.»\;fv»r\jrv<r\,fvrvrvjn.  'Virurvrv  iv  a 

w>  ^  •o  x'  ^  +P*  Pfl  >/l  p/I  >/N  */l  */|  p/I  f/1  «/)  pO  f/\  ■/!  «/l  «/>  p/|  -/|  P/P  p/|  >/l  p/p  P/^  ^  P/p  P^  PP|  p/p  «/|  p/|  >/|  PP^  p/|  p/1  p/>  p/<  p^l  p/|  •/!■/!  “O  ■/’•/I  >/l 

JJSC^OCCOi  OO— *Xo  —  -OC  ^  Ji  C  XoCff-.'OO.OOOOOO—  0©00©COO>r-r\jt;_nOCCC:CJC 
<rt5co^cc.^c:^pf-o3rcrca:/**c-o,?“ct/'^)ot/'^c/vr.c‘oc  c  ?  c  o  o  c  o  c  o  c  —  c:  c  lT  —  c  c  c  ©  o 
*—  <00.>C©:TCr».p^03‘©©^'»-»©Xp*-«©— ■ »'V0^f—0*<'''-'»C  OOO'T-COOOOOOCCff-rOOO  »-•  ©  C  ©  ©  O 

cr  . . . . . . 

*~<J  ■so?roo*cv>^o-Tt/>c:o-  d  o  (V  «i  c  s  o  o  *0  o  o  o  o  o  c-  c.ojd-*ooooooop— ^c.  _/•.  o  ©  o  o  o 
C  *—  •—  *—  —  «-  ^  -3  c*  wm  rv  i\ 


ix©oa:©©c-cr,~r*>cf\.x©xx©f\jxccf\of\ja©c©c.©ccr'>xcccG©o©x^^«-occc©© 

O  C  O  *■••■  O  O  X  O  X  X  O  J“>  —•  O  X  X  O  O  O  O  r\,  O  o  l\j  i/I  O  f\J  *\*  ©  ©  ©  O— 'LTIOOOOO  O  O  G  <"pj  '5^'  O  O  O  ©  O  C 
<CC*/CCNC  —  '-C^'f\,ClTXC3  XCfVlOCf'/'T?C*/'K'CC©C«-'V.CCC©©©G'*1'-rC;C  rvcc  ©CO 


<CCCCCCCCCCflt(T( 


oececsjircsc  «-  c  c  cr  c  © 


ioo^coaox«oir‘^or*-r^ca  ~.©Xcc©vr»ce©©eoc©:?©Gc©c.occ;rc:cr  fvooc.cc 
O  0©CC'0©A;'V>OX>®0©0.0~-'\i©r'p-«0(/>XO  COOoOOOfV'^OOOO  SOOX-OrO^-uOOOO© 

oooooooooooooooooooooooooooooooooooooooooooooooooo 

ococc ©xxxooe  ©:r=ra:xa.ct.<x.a:cca  ffv-oc\(v(V33  ??=T^cccc=r  c  s  ir  j-  j-  ?  ^5*  —  — 

i  flM"u'\ji^^*o«p«--in/iin  ni»/ppoooo.n  '">if>  i\jr\j'Vi*'“',"'"''/':OiCcr:'\j.'\;r\)i\j''urvj  _/i  to  ir*  —  —• 

—  —  —  —  —  —  XX 


cccrc-cfrr  earvoirtce^o-cr/'oor-.o-cccceooorvoec'ec.co  —  xcsrcocoo© 
looooorvooot  Met  x  oo-roo*«r'r'-of/--—  ooooooocufooooocoo—r-p.©  x  *-  o  a  ©  o  o 

ooi/'ocr-ox-xe  xxo^^ocyoa/vc  — /^cc-crcoc  ©  •r  s*  e  e  ©  e  c  c  o  xo  co  cr  cooco 


oc^cor-crr^i 


CXXO  CXC  —  —  crvccocircc 


00000000. 


OCuTCCOCO 


ocir'occciriroxxocirccc-ccLrc^xcooooee^^Toooc-ocoK-syoLrao'-cco 

OOOOOOOC  OOf'J/VO'VJ'O©  —  «  O  'V  M  O  ^ •  — «C  00000©*—-«©0©0  000'V‘VC:.—  .-pO'''»©00 


00000©000«0©r 


'  00000000  o  < 


irt/’ifKpp'p/Nip.pp.  x  x  x  x  x  xi  t  i  cr  ^  1 
MOfOCCCCDit  OOi'XJV'VJfV'VJ'V  *0  » 


?^Ki^KliffV'/.  KH*.  fV  K  xo  C  IT  C  P-  S  ff 


:  C  r*~  O  rvjSTXrvx^JOXxxcx  Orr  —  c^CO-ccocr •>  ix  ^  x 


0''OINO-«ff  C-LT'l/,'Oir'Xoi/''XOLr'XO  Xr*»0  X  £  C  XaOoX:OOXcO©X<E'OX(OOr'-Oor*»^©r'''ff‘©/'“ 

c.  K  •  •  •  . . . . .  t  ••  <  ••••••  I  •  • 

CSU.c./'XOXXOd:  x©3T'aDo;o<x)o-oxox®ox>30ooO't>oanx©®:oo<o®ocoxoao.x)©£  o  o  ®  ®  c  ® 


r-X'-rctroocroo 


I  ^TOCOOOOOOOOOOOOO  ©OOOOOOOC©  OOOOOOOOOCOOOOOOO  OOOOOO  :>  3 

«  c  oc  c  e  c  c  if  if.  1/  xxxxxx»'>r*'f^<y  a  0-0000000.0000  cococ-co— —  — 

O-OO-Oa-^TC'OO-'rOO'O  00  oocooo  5OOCCOOOOOOOOOOOOOOOC 
V  p-  (\)  fl.  <\  f\j  rv.  fV  f\.  rv  f\  f\  fV  r.  /V  f\.  f\  //"  f/"  f<~  r-r'p/,*rr/-//'p-~r/'?/'.  K"  p/pp/p/-f/'H''p/-p/p(/pp/'p/pp/-pp-  p/p 


./Vf\jf\Jf\jr\jp\jf\»f\J/\jf\/f\jrV'MfNl<MfVjr\jrviAj/\jr\j/\/.'\;f\;fVjr\j<Vf\J'\JAJf\Jf\Jf\Jf\j'Vf'J',\J'\J/Vi(\)f\J 


UUUUUOUUUUUUUUl 


UUUUUUUUUUUUUUOUUUUUUUUUI 


IUOLJOOOOCJ 


u  o  ’.n  ^  ^1  i/i  1/1  ip  ifl  1/1  /  i(i  .r  1/1  ,/>  if  ji  1/1 1/1  [/p  [/•  i/p  ,n  ,n  i/p  i/i  to  i/i  it  if  ifo  o  o  ir  i/i  ipyi  if  ifi  if  pifi/i/^'i/iif'l/'i/iir 
_jC:r\.'%.A.'fvrv.Ajrv.»\jf\.1  —  —  —  —  •“af\.r\,n.f\jA.fVf\jfV^-^-p-f\fVfv  —  —  —  —  rv/vrvrvjrvn.  — 

.T  <_J 


Sample  Output 


SUBAWfcA  1 

DAMAGE-FREPUFnCY  DATA  A\D  AVERAGE  ANNUAL  BENEFITS  FDR 
RESIDENTIAL  AND  NOM-RFSTDFUT 1 AL  STRUCTURES  AND  CONTENTS 
(DAMAGE  estimates  IN  S1,000*S) 


DAMAGFS  WITHOUT  PROJECT 


RECURRENCE 

STRUCTURE 

CONTENT 

TuTAL 

INTFRVAl 

OAMAGF 

damage 

damagf 

1.5 

0.000 

0.000 

0.000 

?.o 

0.000 

0.000 

0 . 0  U  0 

5.0 

27.S43 

12.930 

40.773 

10. 0 

46.465 

17.286 

63.751 

SO.O 

b6.31S 

45.196 

1  11 . S 1  l 

100.0 

70.176 

52.796 

12?. 973 

■500.0 

75.695 

64.341 

140.036 

500.0 

50.062 

71.30? 

151 .360 

damages 

WITH  PROJECT 

RECURRENCE 

STRUCTURE 

CUNTFNT 

TUTAL 

INTFRVAL 

oamagf 

l*AM  ASF 

oamagf 

100.0 

0.000 

0.000 

0.000 

300.0 

3.609 

10.167 

13.776 

500.0 

15.929 

11.310 

27.243 

average 

ANNUAL  BENEFITS 

CONDITION 

STRUCTURES 

A VERAGF  ANNUAL  DAMAGES 
CONTENTS 

TUTAL 

w/0  PROJECT 

13.836 

7 . 0b3 

20.R9O 

6ITH  PROJECT 

0.057 

0.071 

0.12A 

BENEFIT 

13.779 

6 .992 

20.771 
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Sample  Output 


SUPARfcA  2 

DAMAOE-ERERUENCY  DATA  AND  AVERAGE  ANNUAL  BENEFITS  FUR 
RESIDENTIAL  AND  NON-RESTDENTIAL  STRUCTURES  A\ID  CONTFNTS 


F-V 

(DAMAGE  ESTIMATES  IN  1.1,000  ’S) 

H 

»  ■*  - 

DAMAGES  WITHOUT  PROJECT 

RECURRENCE 

STRUCTURE 

content 

TOTAL 

T 

interval 

DAMAGE 

DAMAGF 

DAMAGF 

i'  -  ‘ 

1  .5 

0.000 

0.000 

0.000 

■»" .  ■ ' 

2.0 

74.618 

267. 07S 

341.693 

5.0 

1 29.697 

SI?. 1 37 

64! .835 

10.0 

1 63.668 

62R.712 

793.380 

50.0 

359.520 

944. 05R 

1 303. S7Q 

100.0 

446.824 

1073. 538 

1520.3b? 

300.0 

547.847 

1228.63? 

1776.478 

1  .  *  4 

soo.o 

610.706 

1323.39Q 

1934.106 

*  *,  *  *» 

w 

damages 

WITH  PROJECT 

*-  , 

*  ■*  «,* 

RECURRENCE 

STRUC  TUWE 

CONTFNT 

total 

k  * » * 

»  ■  •. 

\ 

INTERVAL 

DAMAGF 

DAMAGE 

damage 

m 

100.0 

0.000 

0.000 

0.000 

■soo.o 

107.060 

420 . 0  OR 

527.473 

I 

SOO.O 

1  12.881 

49b. 571 

559.45? 

L 

AVERAGE  ANNUAL  BENEFITS 

AVERAGE  ANNJAL  DAMAGES 

l: 

CONDITION 

STRUCTURES 

CONTENTS 

total 

I 

W/ 0  PROJECT 

81.80? 

281.291 

363.094 

KITH  PROJECT 

0.731 

2.871 

3.60? 

pt 

BENEFIT 

81.071 

278.420 

35R.492 
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SU^ARE*  5 

OAMAGE-FRECJENlC  Y  DATA  AND  AVEkAGF  ANNUAL  BENEFITS  Fl)P 
RESIDENTIAL  A 'JO  NOn-RESIdENTI AL  STRUCTURES  AND  CONTENTS 
(DAMAGE  ESTIMATES  T  N  il,nOO*S) 


DAMAGES  WTTHiH'T  PROJECT 


RECURRENCE 

SI R JCTUkF 

CONTENT 

total 

INTERVAL 

DAMAGE 

damage 

DAMAGE 

1.5 

0.000 

0.000 

0.000 

?.o 

3.537 

0.050 

3.992 

5.0 

22.371 

0.732 

27.100 

10.0 

32.516 

32.361 

60.899 

so.o 

35.058 

56.201 

90.299 

t  00 . 0 

39.787 

60.708 

1 00.098 

300.0 

00.968 

60.170 

105.161 

500.0 

'41 .833 

b6 . 562 

108.392 

damages 

..I  TH  PROJECT 

RECURRENCE 

structure 

COME  NT 

TOTAL 

interval 

oamagf 

DAMAGE 

DAMAGF 

100.0 

0.000 

0.000 

0.000 

300.0 

18.791 

8.008 

26.799 

500. o 

7.110 

0.93° 

8. 051 

AVERAGE 

annual  benefits 

average  annual  damages 

CONDITION 

structures 

contents 

TOTAL 

IM/O  PROJECT 

10.506 

7.0  38 

17.063 

WITH  PROJECT 

0. 090 

0.035 

0.129 

BFNEF I T 

10.051 

7.003 

17.855 
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Sample  Output 


SUBAREA  a 

f)  A  M  A  G  E  -  F  P  E  0  UF  N  C  Y  DATA  AND  AVERAGE  ANNUAL  BENEFITS  F[)P 
RFSI  )F  JT  I  AL  ADD  NO\i-RES  I  DENT  I  A  L  STRUCTURES  A -ID  CONTENTS 
(  O  A  V,  a  GF  ESTIMATES  id  J  1  ,  000  *SJ 


DAMAGES  WITHOUT  PROJECT 


RECURRENCE 

STRUCTURE 

CONTENT 

total 

IMTFRVAL 

damage 

DAMAGE 

DAMAGE 

1.5 

0.000 

0.000 

0.000 

2.0 

88.294 

07.860 

135.854 

5.0 

92.820 

49.793 

142.613 

10.0 

92.820 

49.793 

142.613 

50.0 

92.820 

40.793 

142.613 

100.0 

92.820 

49.793 

142.613 

300.0 

92.820 

49.793 

1 42.613 

SOO.O 

92.820 

49.793 

142.613 

damagfs 

vvTTH  PROJECT 

RECURRENCE 

STRUCTURE 

content 

TOTAL 

INTERVAL 

damage 

damagf 

DAMAGE 

100.0 

0.000 

0.000 

0.000 

300.0 

92.820 

49.793 

142.613 

SOO.O 

92.820 

49.793 

142.613 

AVERAGE 

ANNUAL  BENEFITS 

condition 

STRUCTURES 

AVERAGF  ANNUAL  DAMAGFS 
CONTENTS 

total 

K/0  PROJECT 

53.089 

28.528 

81.614 

WITH  PROJFCT 

0.619 

0.332 

0.951 

BENEFIT 

52.470 

28.193 

80.663 
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Sample  Output 


DAMAGE-FREOUFNCY  DMA  AMP  AVERAGE  ANNUAL  BFNEFTTS  EU9 
RESIDENTIAL  structures  AND  contents 
(DAMAGE  ESTIMATES  114  il.OOO'S) 


DAMAGES  iMTHUUT  PROJECT 


RECURRENCE 

STRUCT  URF 

CONTENT 

total 

INTERVAL 

DAMAGE 

DAMAGE 

damage 

1.5 

0.000 

0.000 

0.000 

?.o 

91.831 

05.014 

1 3° . 34  6 

s.o 

115.191 

54.525 

164.717 

10.0 

1 25.336 

32. 1 74 

207.51 2 

50.0 

1  30.878 

106.034 

236.912 

ioo.o 

1 33.071 

112.391 

245. R65 

■*00.0 

1 35.287 

1 17.336 

252.621 

500.0 

1  36.57? 

1  2 1 .227 

257.797 

DAMAGES 

rtITH  PkOJFCT 

RECURRENCE 

STRUCTURE 

CONTENT 

total 

interval 

damage 

DAMAGE 

DAMAGE 

ion. n 

0.000 

0.000 

0.000 

300.0 

111.611 

57.801 

169.412 

500.0 

99.934 

50.732 

1  5  0 . 6  b  4 

AVERAGE 

annual  BENEFITS 

condition 

STRUCTURES 

AVFRAGF  ANN JAL  DAMAGES 
CONTENTS 

total 

A/0  PROJECT 
aITH  PROJECT 

b  3 . 6  5  3 
0.713 

36.005 

0.366 

99.657 

1.079 

BFNFFTT 

6?. 940 

35.638 

98.578 
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Sample  Output 


DAMAGE 

-FREQUENCY  DATA  A NP 

AVERAGE  annual  BENEFITS 

FOR 

i'jOim-RE  ST  DENT  I  A  L  STRUCTURES  AajD  COMTF 

4TS 

V- 

(DAMAGE  ESTIMATES 

IN  Sl.OOO'R) 

damages  ftiTHom 

PROJECT 

RECURRENCE 

structure 

CUNTF  IT 

TOTAL 

1 NTFRVAL 

1  .5 

damage 

DAMAGE 

DAMAGE 

_ 

0.000 

0.000 

o.oyn 

?.o 

74.618 

267.075 

341 .693 

*5.0 

157.5-40 

525.067 

682.608 

10.0 

210.133 

646.Q98 

857.131 

;  % 

50.0 

425.835 

989.255 

1415.090 

.  'i 

100.0 

516.1 36 

1 124.444 

1640.561 

-  .  t 

300.0 

62?. 063 

1 289.606 

191 1 .667 

■  1 

soo.o 

658.8feo 

1389.820 

2078.699 

iWf 

DAMAGES 

■IT  TH 

PROJF  CT 

a#: 

RECURRENCE 

structure 

CONTENT 

tutal 

. 

INTERVAL 

DAMAGE 

DAMAGE 

damage 

V.N 

100.0 

0.000 

0.000 

0 .  o  o  n 

300.0 

1  1 1  .073 

430.176 

54  1  .249 

500.0 

125. Rio 

457.895 

586. 60S 

AVERAGE  annual 

BENEFITS 

i 

average  annual 

DAMAGES 

j 

condition 

structures 

CONTENTS 

tutal 

*•4 

ft/O  PROJECT 

95.620 

288.31? 

383.93? 

WITH  PROJECT 

0.78R 

2.04? 

3.730 

■4 

BENEFIT 

94.832 

295.370 

380.20? 

■  '' 

-•i 
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Sample  Output 


PROJECT  --  DISASTER  STREAM,  ANYWHERE#  U.S.A. 
PROPERTY  INVENTORY  INPUT  FILE  NA"E  —  PITEST 


DAMAGE  ZONE 


OA'^AGARLF  PROPERTY  INVENTORY  SUMMARY 
NIJMRER  OF  DAMAGE  UNITS  N'JVBFR  OF  STRUCTURES 


RFSI-  NONRFSI- 
UENTIAL  DENTIAL  total 


RES  1 -  NONRFST- 
DENTIAL  DENTIAL  T 
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REGIONAL  DEVELOPMENT  BENEFIT  ANALYSES  FOR  THE 
COOSA  RIVER  NAVIGATION  PROJECT 


William  F.  Hearrean,  Chief,  Socio/Economics  Branch 
Mobile  District 
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REGIONAL  DEVELOPMENT  BENEFIT  ANALYSES  FOR  THE 
COOSA  RIVER  NAVIGATION  PROJECT 


The  purpose  of  this  report  is  to  estimate  the  regional  development 
benefits  (RDB's)  associated  with  construction  and  operation  of  the  Coosa 
River  Navigation  Project.  Three  entirely  different  methods  have  been  used 
by  contractors  to  determine  RDB's.  Since  methodologies  for  evaluating  these 
benefits  from  navigation  projects  are  not  currently  developed  extensively, 
this  approach  was  necessary  for  verification.  One  method  analyzed  RDB's  in 
three  regions,  and  did  not  include  the  United  States,  while  the  other  two 
methods  analyzed  RDB's  in  four  regions  including  the  total  United  States.  These 
regions  are  shown  of  Figure  1. 

The  entire  report  from  each  of  the  three  contractors  is  included  as 
attachments  to  Volume  8  of  the  Coosa  River  Channel  General  Design  Memorandum. 
These  attachments  provide  details  of  each  of  the  methodologies  used.  The  United 
States  Army  Engineer  Institute  of  Water  Resources  (IWR)  is  developing  a  User's 
Manual  and  models  which  will  provide  in-house  capability  for  the  Corps  to 
produce  estimates  of  RDB's  for  other  navigation  projects. 

Regional  Development  Benefits  are  defined  as  changes  in  personal  income, 
either  plus  or  minus,  brought  about  by  construction  and  operation  of  the  Coosa 
River  Navigation  Channel.  The  same  basic  data  were  used  as  input  for  each  proce¬ 
dure.  These  data  included  a  construction  schedule  by  year,  base  year,  and 
projected  tonnages  of  commodities  receiving  savings  in  transportation  costs  and 
savings  per  ton  for  each  commodity  involved.  Benefits  were  analyzed  for  four 
regions  making  up  the  entire  United  States.  These  Regions  include  the  10-countv 
Coosa  Region  in  Alabama;  the  Gulf  Coast  Region  including  counties  in  Mississippi, 
Alabama,  and  Florida;  the  remainder  of  £.11  counties  in  Alabanu.;  and  the  remainder 
of  all  States  in  the  United  States.  These  evaluations  are  based  on  changes  in 
personal  income  and  employment  from  construction  expenditures,  transportation 
savings,  losses  in  hydroelectric  power,  and  losses  in  rail  revenue. 
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Methodologies 

Industrial  Location  Model  Analysis  (ILMA).  This  method  was  developed  by 
Plantec  Corporation  and  bases  the  analysis  on  two  major  equally  important 
theses.  One,  the  major  transportation  impact  of  the  waterway  is  to  connect  ^ 

the  Coosa  Valley  with  economic  areas  characterized  by  higher  projected  growth 
rates  than  would  be  achieved  in  the  Coosa  Valley  without  the  waterway.  The 
key  analytical  procedure  is  to  calculate  the  differential  growth  and  to 

convert  it  into  changes  in  output,  income  and  employment.  Second,  the  ability  * 

of  the  region  to  realize  this  potential  added  growth  due  to  the  waterway,  is 
in  its  ability  to  compete.  This  is  measured  by  location  analysis  which 

systematically  evaluates  the  availability  and  costs  of  labor  force,  infrastructure,  ^ 

and  many  other  elements  of  siting  required  to  analyze  economic  activity.  * 

The  approach  used  by  Plantec  generates  ftrst  round,  or  direct,  impacts  which 
are  increased  by  multipliers  to  account  for  indirect  impacts.  The  multipliers 
were  estimated  by  the  Bureau  of  Economic  Analysis,  United  States  Department  of  ^ 

Commerce  with  the  RIMS  input -output  model  calibrated  for  the  10-county  Coosa 
Valley  area.  Estimates  of  gross  output,  personal  income  and  employment  were 
developed  for  Region  I  (Coosa  Valley),  Region  II  (Primary-Gulf  Counties)  and 
Region  III  (Rest  of  Alabama) .  These  evaluations  are  based  on  impacts  from  \ 

construction  expenditures,  tr  importation  savings,  losses  of  hydroelectric  power, 

and  losses  in  rail  revenue.  1] 

*< 

The  method  also  generated  two  hypothetical,  but  possible,  scenarios  which 
reflect  moderate  and  maximum  development  of  river-oriented  industry.  These 
benefits  are  not  included  in  the  RDB's  since  they  are  not  consistent  with  the 
results  of  the  other  two  methodologies.  The  Coosa  Valley  has  a  significant 
opportunity  to  increase  and  modernize  its  economic  base  as  a  result  of  tailoring  h 

its  economic  development  strategy  on  sites  with  access  to  the  Coosa  River  Naviga¬ 
tion  Project.  The  moderate  scenario  assumes  two  major  riverside  industrial 
parks  near  Lincoln-Pell  City  (on  the  Interstate  20  and  Southern  Railroad  between 
Birmingham  and  Atlanta)  and  Childersburg,  Alabama  (near  the  current  site  under  l 

development  by  the  city  of  Childersburg  and  Talladega  County).  The  industrial 
parks  would  be  completed  within  25  years  after  the  waterway  is  completed.  The 
maximum  scenario  accelerates  development  to  be  completed  in  10  years  and  introduces  •* 

i 
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an  additional  industrial  development  site  at  Gadsden,  Alabama.  The  analysis 
does  not  include  all  potential  development  sites,  but  does  focus  on  those 
with  the  most  likely,  early  potential. 

Multiregional  Variable  Input -Output  Model  (MRVIO)-^/  This  model  was  developed 
by  Professors  Chong  and  Chung  Liew  at  the  University  of  Oklahoma  and  was  used  to 
determine  economic  changes  resulting  from  construction  and  operation  of  the  Coosa 
River  Project.  The  MRVIO  evaluates  the  impact  of  reductions  in  transportation 
costs  through  the  effects  on  trade  flows  and  the  effects  on  the  use  of  lower  cost 
inputs  to  the  production  process.  Construction  impacts  are  evaluated  through  the 
effects  on  expenditures  for  items  associated  with  construction.  The  model  was 
calibrated  for  four  regions  (covering  the  United  States)  and  31  industry  sectors. 
It  provides  equilibrium  estimates  of  the  impacts  of  construction  expenditures, 
transportation  savings  and  lowered  hydropower  output  on  gross  output,  personal 
income,  and  employment  for  each  industry  in  each  region.  The  primary  technical 
advantage  of  the  MRVIO  is  that  is  simultaneously  estimates  changes  in  trade 
flows  and  input  substitution  in  response  to  changes  in  transportation  costs. 


-^!iew,  C.  K. ,  and  Liew,  C.  J.,  "Use  of  a  Multiregional  Variable  Input-Output 
Model  to  Analyze  Economic  Impact  of  Transportation  Costs,"  Transportation  Research 


Record  747,  1980b. 


Liew,  C.  K. ,  and  Liew,  C.  J.,  The  McClellan-Kerr  Waterway  and  Region  Economic 
Development,  iWR,  The  Army  Corps  of  Engineers,  1981a. 


Liew,  C.  K.,  and  Liew,  C.  J.,  The  Economic  Effects  of  a  Proposed  Water  Shortage 
on  Oklahoma  Economy,  A  contract  report  Oklahoma  Water  Resources  Board,  1981b. 


Liew,  C.  K.,  and  Liew,  C.  J.,  "Energy  Crisis  and  Interregional  Trade  Flows," 
1980  Proceedings  of  the  Business  and  Economic  Section  of  the  American  Statistical 
Association  Meeting,  1981c. 
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Multiregional  -  Multi-Industry  Model  (MRMI).  This  model  was  developed  by 
Professor  Curtis  Harris  at  the  University  of  Maryland^and  used  by  Urban 
Systems  in  the  evaluation  of  RDB's  for  the  Coosa  River  Project.  The  model  has 
been  successfully  utilized  (1)  to  compare  program  alternatives  to  complete  the 
United  States  Interstate  Highway  System,  (2)  to  evaluate  a  segment  of  the 
Interstate  Highway  System,  and  (3)  to  evaluate  the  impact  of  port  deepening 
options. 

The  MRMI  model  is  an  econometric  model  based  on  a  large  number  of  industry 

sectors  and  founded  on  county  level  data.  It  is,  therefore,  unusually  flexible 

in  determining  impacts  by  small  regions  and  detailed  industry  sector  and  is  a 

national  model.  The  MRMI  operates  in  a  recursive  mode  using  estimates  for  time 

"t"  to  generate  estimates  fo  time  "t  +  n,"  to  generate  overall  national  estimates 

which  are  consistent  with  independent  forecasts  such  as  the  Inforum  model  at  the 

3  / 

University  of  Marylana— '  and  OBERS  projections  from  Bureau  of  Economic  Analysis, 
Department  of  Commerce.  The  MRMI  moves  new  investment  to  the  region  which  has 
the  highest  estimated  profit  available  to  that  activity.  The  rate  of  adjustment 
in  new  investment  is  buffered  by  the  recursive  model,  and  thus  provides  a  more 
realistic  pacing  in  the  change  of  output,  income  and  employment  than  equilibrium 
models.  Input  to  the  MRMI  is  construction  expenditures,  transportation  savings, 
and  losses  of  hydropower. 


H>ee,  for  example,  Curtis  C.  Harris,  Jr.,  The  Urban  Economies,  1985:  A 


Multiregional,  Multi-Industry  Forecasting  Model.  Lexington,  MA:  Lexington 
Books,  1973;  Curtis  C.  Harris,  Jr.,  and  Frank  E.  Hopkins,  Locational  Analysis: 
An  Inter-regional  Econometric  Model  of  Agriculture,  Mining,  Manufacturing  and 
Services.  Lexington,  MA:  Lexington  Books,  1972;  Curtis  C.  Harris,  Jr., 
Regional  Economic  Effects  of  Alternative  Highway  Systems.  Cambridge,  MA: 
Ballinger  Publishing  Co.,  1974;  Curtis  C.  Harris,  Jr.,  "New  Developments  and 
Extensions  of  the  Multiregional  Multi-Industry  Forecasting  Model",  Journal  of 
Regional  Science,  20:159-172,  1980. 


— ^ee  Clopper  Almon,  Jr.,  et  al . ,  1985:  Interindustry  Forecasts  of  the 
American  Economy.  Lexington,  MA:  Lexington  Books,  1974. 


The  MRMI  model  generated  estimates  of  changes  in  regional  output,  personal 
income,  and  employment  for  Regions  I,  II,  III,  and  IV  (rest  of  the  United  States). 
The  Urban  Systems  estimates  are  potentially  valuable  in  illustrating  the  dynamics 
of  economic  development.  Evidence  of  relative  price  increases  is  included  in 
labor  or  other  factors.  Decreases  in  the  rate  of  unemployment  and  the  other 
economic  cost  elements  act  to  decrease  competitive  investment  sectors  in  the 
same  region  and  in  other  regions. 


The  average  annual  equivalent  benefits  (personal  income)  as  determined  by 
each  method  are  shown  on  the  two  attached  tables.  Some  of  these  benefits  contain 
transfers  from  other  regions.  Following  the  guidelines  of  the  Water  Resource 
Council's  Principles  and  Standards,  these  benefits  are  not  included  in  the  National 
Economic  Development  analysis  for  project  benefits.  The  MRMI  method  resulted  in 
some  negative  benefits  in  some  regions,  whereas  the  two  other  methods  report  net 
positive  benefits  in  all  regional  analyzed.  Obviously,  the  MRMI  method  results 
suggest  net  transfers  from  certain  regions.  One  way  of  presenting  the  national 
effects  of  the  Coosa  Project  would  be  to  exactly  follow  the  existing  guidance  to 
present  only  positive  gains  in  each  region  and  account  for  all  transfers  in  the 
transfer  column.  The  other  way  is  to  present  each  method's  estimates  for  each 
region,  sum  the  results  and  use  the  transfer  column  entry  as  an  adjustment  to 
reflect  unidentified  transfers.  The  attached  tables  shows  the  results  of  both 
procedures . 

The  impacts  on  employment  and  income  resulting  from  each  procedure  are 
shown  on  Figures  2  through  6.  Figures  3  and  4  show  the  impacts  resulting  from 
the  moderate  and  maximum  development  of  river-oriented  industry  as  determined 
by  Plantec.  Each  figure  shows  impacts  only  and  does  not  include  any  growth  that 
would  occur  without  construction  of  the  Coosa  River  Navigation  Project. 


SUMMARY  OF  AVERAGE  ANNUAL  EQUIVALENT  BENEFITS 
REGIONAL  DEVELOPMENT  -  COOSA  RIVER  NAVIGATION  PROJECT 
(Millions  1981  $  at  2-5/8X) 
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Targeted  Industries 


SIC 

Industries 

(Sensitive  to  Navigation  Availability) 

Average 

Site 

Size 

(in  Ac  re  s  ) 

Average 
Employmen  i 
(per  Site; 

34941 

Automatic  Regulating  &  Control  Valves 

34 

218 

35623 

Other  Rolling  Bearings,  Complete 

43 

247 

33574 

Communication  Wire  and  Cable 

35 

91 

34233 

Files,  Rasps  &  File  Accessories  &  Other 
Hand  Tools 

25 

229 

35857 

Other  Refrigeration  &  Air  Conditioning 
Equipment 

26 

263 

37991 

Automobile  Trailers  (Excluding  Housing 
Type  Coaches) 

21 

106 

24323 

Softwood  Plywood,  Exterior  Type 

35 

249 

24326 

Softwood,  Venser 

39 

175 

26217 

Unbleached  Kraft  Packaging  &  Industrial 
Converting  Paper 

150 

39  3 

28182 

Miscellaneous  Acyclic  Chemicals  & 
Chemicals  Products 

102 

277 

33220 

Malleable  Iron  Castings 

41 

289 

34431 

Heat  Exchangers  &  Steam  Condensers 

28 

249 

35662 

Speed  Changers,  Industrial  High  Speed 
Drives,  &  Gears 

30 

224 

36426 

Other  Nonresiden tial  Electric  &  Non- 
Electric  Lighting  Equipment 

11 

255 

37321 

Inboard  Motorboats  (All  Types) 

38 

242 

34790 

Coating,  Engraving,  and  Allied  Services 

11 

21  ) 

34945 

Metal  Fittings,  Flanges  &  Unions  for 
Piping  Systems 

18 

121 

35481 

Rolling-mill  Machinery  &  Equipment 

20 

m 

15314 

Power  Cranes,  Draglines,  Shovels  6. 

Parts  and  Attachments 

30 

356 

35595 

Other  Special  Industry  Machinery  & 
Equipment 

26 

227 

36113 

Other  Electrical  Measuring  Instruments 
&  Parts 

16 

282 

38513 

Miscellaneous  Ophthalmic  Goods 

8 

134 

Source:  PLANTEC  Corporation,  1981. 
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Engineers. 


EXECUTIVE  SUMMARY 


Purpose 

This  survey  of  the  Corps  of  Engineers  construction  workforce 
has  two  primary  objectives: 

a.  To  develop  an  empirical  basis  for  determining  employment 
benefits  due  to  construction  of  Corps  projects. 

b.  To  develop  an  empirical  basis  for  determining  the  socio¬ 
economic  impacts  of  the  workforce  utilized  for  Corps  project  con¬ 
struction  on  local  communities. 

Payments  to  workers  who  would  otherwise  be  unemployed  (or 
underemployed)  in  the  absence  of  a  Corps  project  are  called  em¬ 
ployment  benefits.  The  Corps  uses  employment  benefits  in  its 
benefit/cost  calculations  and  has  used  them  to  influence  priori¬ 
ties  for  new  construction  starts  during  periods  of  recession. 
These  estimates  have  been  attacked  because  they  have  in  large  mea¬ 
sure  been  made  with  little  empirical  evidence  to  support  them.  A 
major  goal  of  this  study,  therefore,  was  to  develop  credible  em¬ 
pirical  data  for  the  calculation  of  employment  benefits.  A  strong 
indication  of  whether  workers  would  be  otherwise  unemployed  in  the 
absence  of  a  Corps  project  is  the  length  of  time  they  have  been 
unemployed  prior  to  being  employed  on  the  construction  project. 
Therefore,  this  study  has  developed  information  on  the  pri^r 
unemployment  status  of  the  contract  construction  workforce 
employed  on  Corps  projects. 

Project  construction  brings  short  term  residents  to  local  com¬ 
munities.  These  residents  increase  the  demand  for  local  public 
services,  often  without  equivalent  increases  in  local  revenues. 
Communities  sometimes  request  assistance  to  cure  the  alleged  defi¬ 
cit  and  to  help  mitigate  social  stress  which  often  comes  with  an 
influx  of  "outsiders."  In  order  to  manage  these  issues  effective¬ 
ly,  planners  must  have  some  means  of  estimating  the  size  and  demo¬ 
graphic  composition  of  a  population  in-migrating  into  local  areas 
because  of  a  Corps  construction  project.  This  report  provides 
these  estimates. 

The  survey  used  to  generate  the  data  base  which  is  presented 
in  this  report  was  designed  to  be  compatible  with  similar  efforts 
undertaken  by  the  Water  &  Power  Resources  Service  (formerly  Bureau 
of  Reclamation)  and  Tennessee  Valley  Authority.  The  Economic  De¬ 
velopment  Administration  (EDA)  undertook  a  major  policy  study 
which  investigated  the  impacts  of  EDA  construction  grant  projects 
on  unemployment.  Thus,  the  combined  efforts  of  many  agencies  can 
lead  to  a  more  sound  basis  for  assessing  the  impacts  of  Federal 
public  works  projects. 

This  study  is  based  on  a  51-project  sample  selected  from  1 36 
projects  under  construction  during  1979.  Over  65  percent  of  the 


plans  and  at  projects  located  in  other  EDA  designated  areas.  This 
finding  calls  into  question  the  rule  restricting  employment 
benefits  to  only  EDA  areas  with  redevelopment  plans. 

While  EDA  areas  are  designated  on  the  severity  and  persistence 
of  unemployment,  it  is  likely  that  almost  every  local  economy  will 
have  some  structural  problems  and  a  pool  of  individuals  who  are 
out  of  work  because  of  such  imper fections .  Survey  findings  show 
that  although  previous  unemployment  in  non-EDA  areas  is  less  than 
in  EDA  areas,  it  is  by  no  means  trivial.  This  finding  suggests 
that  employment  benefits  may  legitimately  accrue  to  non-EDA  desig¬ 
nated  areas  as  well. 

Adjustments  to  unemployment  figures  obtair.ed  in  the  survey 
were  made  to  factor  our  seasonal,  discretionary ,  and  frictional 
unemployment.  Several  tables  were  then  generated  using  variables 
which  analysis  had  shown  to  be  associated  with  previous  unemploy¬ 
ment  of  the  workforce.  From  these  operations  a  table  estimating 
previous  unemployment  of  the  workforce  at  Corps  projects  was  gen¬ 
era  ted  (Table  1  ) . 

E stiir.a t_i_n g  Demands  on  Local  Community  Services 

The  survey  revealed  that  a  large  majority  of  the  Corps' 
National  construction  workforce  is  composed  of  local  workers  ( 6 9 - ^ 
percent).  White  collar  workers  are  much  more  likely  to  be  non¬ 
local  than  either  skilled  or  unskilled  workers.  Projects  in  the 
Western  United  States  have  higher  proportions  of  non-locals 
employed  than  projects  elsewhere  in  the  country.  Based  on  limited 
analysis,  it  appears  that  the  proportion  of  non-locals  employed  on 
a  project  remains  constant  over  the  course  of  the  construction 
project . 

The  proportion  of  the  workforce  at  projects  which  is  non-local 
is  most  closely  associated  with  factors  which  influence  a  re- 
gions's  ability  to  supply  a  pool  of  labor.  For  regions  with 
smaller  populations  the  proportion  of  non-locals  employed  on  a 
project  is  greater.  Regions  which  have  higher  rates  to  unemploy¬ 
ment  and  which  are  EDA-qualif ied  areas  have  a  relatively  greater 
pool  of  potentially  employable  local  workers.  These  variables 
show  modest  negative  association  with  the  proportion  of  non-locals 
employed  on  a  project.  Regression  equations  were  developed  which 
predict  the  number  of  non-local  workers  employed  on  a  project. 
Trie  equations  are  likely  to  offer  a  useful  means  of  estimating  the 
number  of  non-local  workers  a  project  will  employ. 

Analysis  of  the  non-local  workforce  characteristics  reveals 
that,  for  the  most  part,  non-local  workers  only  expect  to  remain 
at  their  present,  location  until  the  project  is  completed.  Most 
workers  bring  dependents  with  them.  Non-local  workers,  whether 
accompanied  by  dependents  or  not,  try  to  locate  as  close  as  pos¬ 
sible  to  the  project  site.  Workers  with  dependents  are  also  con¬ 
cerned  with  obtaining  housing  adequate  for  family  needs.  Housing 
choices  for  these  workers  are  more  likely  to  run  to  single  family 
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construction  workforce  employed  at  the  51  projects  at  the  time  of 
the  survey  responded.  The  data  base  represents  4,089  complete  re¬ 
sponses  from  workers  at  a  cross-section  of  Crops  projects  in  vari¬ 
ous  stages  of  completion  and  localities  in  'ied  local  labor 
force  conditions  in  1979. 

The  following  sections  present  the  major  findings  of  the  sur¬ 
vey.  First  are  findings  about  the  prior  unemployment  status  of 
construction  workers  employed  on  Corps  projects.  Next  are  find¬ 
ings  about  the  distribution  of  the  workforce  between  local  and 
non-local  workers,  as  well  as  other  characteristics  of  the  work¬ 
force  which  would  be  useful  for  identifying  the  demand  on  local 
community  services  associated  with  Corps  construction  projects. 
Finally,  an  example  is  provided  showing  how  findings  from  this 
study  can  be  used  to  calculate  employment  benefits,  and  to  assess 
the  demands  on  local  community  services. 

Unemployment  Status  of  the  Workforce 


Of  4,089  workers  responding  to  the  question,  39.6  percent  re¬ 
ported  some  unemployment  immediately  prior  to  beginning  work  or. 
Corps  projects.  Clear  differences  in  previous  unemployment  status 
were  found  among  the  workforce  according  to  occupational  group, 
locality,  and  the  project  area  EDA  status.  Previous  unemployment 
status  showed  no  association  with  region  or  type  of  project.  Un¬ 
skilled  workers  are  more  likely  to  have  been  previously  unemployed 
than  skilled  or  white  collar  workers,  and  skilled  workers  have 
higher  rates  of  previous  unemployment  than  do  non-local  workers. 
Projects  located  in  EDA  areas  have  higher  rates  of  workforce 
previous  unemployment  than  do  projects  located  in  non-EDA  areas. 

Findings  suggest  that  different  factors  are  associated  with 
previous  unemployment  for  unskilled,  skilled,  and  white  collar 
segments  of  the  workforce.  For  unskilled  workers,  remoteness  of 
the  project  areas,  as  well  as  the  region's  general  level  of  con¬ 
struction  activity,  are  associated  with  previous  unemployment. 
For  skilled  and  white  collar  groups,  previous  unemployment  is  re¬ 
lated  to  an  ensemble  of  socioeconomic  factors  which  give  a  region 
a  less  competitive  edge;  examples  of  these  factors  include  EDA 
designation,  below  average  educational  attainment,  and  low  per 
capita  income.  For  all  occupational  groups  the  regional  unemploy¬ 
ment  rate  was  strongly  associated  with  previous  unemployment. 

Under  current  regulations,  employment  benefits  are  restricted 
to  projects  located  in  EDA  designated  counties  which  have  approved 
redevelopment  plans.  These  counties  are  a  subset  of  all  EDA  coun¬ 
ties  declared  eligible  for  EDA  assistance;  differing  only  in  that 
they  have  an  approved  redevelopment  plan.  Survey  findings  show 
that  significant  numbers  of  otherwise  unemployed  workers  are  em¬ 
ployed  on  Corps  projects  located  in  EDA  areas,  not  only  in  EDA 
areas  with  redevelopment  plans,  but  also  in  the  other  EDA  desig¬ 
nated  areas.  In  fact  there  was  no  statistically  significant  dif¬ 
ference  in  the  proportion  of  previously  unemployed  workers  em¬ 
ployed  at  projects  located  in  counties  with  approved  redevelopment 
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Table  1.  Estimates  of  Previous  Unemployment 


Percent  of  Workforce  Previously  Unemployed 


Project  Area 

Location  Local  Workers 


Unskilled 


EDA  areas  with  regional 
unemployment  rate  of  6%  42.7 

or  greater 

EDA  areas  with  regional 
unemployment  rate  of  32.0 

less  than  6% 


Skilled  White-Collar 

32.8  22.1 

25.7  22.1 


Non-Local  Workers 


Unskilled  Skilled  White-Collar 


All  areas 


32.0 


21 . 3 


22.  1 


and  mobile  homes  than  are  the  choices  of  workers  with  no 
dependents  present. 

In  particular,  the  analyses  suggest  the  following: 

(1)  Approximately  60  percent  of  the  Corp's  non-local  work¬ 
force  is  accompanied  by  dependents. 

(2)  A  ratio  of  1.24  dependents  to  each  non-local  worker  was 
computed.  This  ratio  is  independent  of  geographical  area  of  the 
country  where  projects  are  located. 

(3)  A  greater  portion  of  non-local  workers  occupy  more  temp¬ 
orary  types  of  housing  (apartments,  motels,  boarding  rooms,  travel 
trailers)  than  local  workers. 

(4)  For  non-local  workers,  nearness  to  project  site  seems  to 
be  the  most  important  housing  choice  location  criterion. 

(5)  Less  than  one  in  three  non-local  workers  intend  to  remain 
in  the  immediate  vicinity  of  the  project  area  after  completion  of 
the  project. 

Using  survey  data  to  calculate  employment  benefits  and  assess 
community  service  impacts. 


Employment  Benefits 


The  IWR  Study  has  empirically  documented  the  previous  un¬ 
employment  of  the  Corps  construction  workforce.  The  Table  devel¬ 
oped  offers  a  means  for  estimating  the  employment  benefits  pro¬ 
duced  by  a  Corps  civil  works  construction  project.  Inputs  needed 
to  develop  such  estimates  are  as  follows: 

o  Number  of  workers  by  skill  designation 

o  Locality  of  workforce  by  skill 

o  Location  of  project  in  terms  of: 

County  EDA  status 

Regional  unemployment  rate 

Each  of  these  information  inputs  is  discussed  in  greater  de¬ 
tail  below. 

Number  of  Workers 


An  estimate  of  the  number  of  workers  to  be  employed  on  the 
construction  project  forms  the  base  for  calculating  employment 
benefits.  The  methodology  for  deriving  estimates  of  labor  re¬ 
quirements  for  projects  is  beyond  the  scope  of  the  present  study; 
however,  a  number  of  sources  for  developing  these  estimates  are 
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available.  Among  them  are  statistics  maintained  by  the  Bureau  of 
Labor  Statistics  and  WPRS  on  total  dollar  amounts  of  construction 
for  various  types  of  heavy  construction  activities  and  man-years 
of  labor  (Bingham,  1978;  WPRS,  1980);  and  detailed  statistics  on 
construction  project  labor  requirements  compiled  by  F.W.  Dodge  Co. 
and  made  available  in  labor  estimates  produced  by  the  Department 
of  Labor's  Construction  Labor  Demand  System  (Department  of  Labor, 
1977), 

Locality  of  Workforce 


It  has  been  shown  that  the  previous  unemployment  of  the  work¬ 
force  varies  according  to  the  variable  of  locality.  Accordingly, 
the  proportion  of  the  workforce  which  is  local  and  that  which  is 
likely  to  be  non-local  should  be  estimated.  The  regression  equa¬ 
tion  in  Table  3.12  of  the  survey  report  provides  such  an  estima¬ 
tion  of  total  numbers  of  non-local  workers.  Using  Table  3.2,  es¬ 
timates  of  the  occupational  skill  category  of  this  workforce  can 
be  obtained.  This  Table  indicates  that  for  the  national  survey 
the  non-local  workforce  was  composed  of  15.1  percent  unskilled 
workers;  59.2  percent  skilled  and  25.7  percent  white  collar 
worker s. 

Location  of  Project 


Two  inputs  are  required.  First,  the  EDA  status  of  the  county 
in  which  the  project  is  to  be  constructed  should  be  determined. 
Second,  a  regional  laborshed  for  the  project  should  be  constructed 
using  the  procedure  described  in  Section  1.3.1  of  the  report.  The 
unemployment  rate  for  this  region  can  then  be  obtained  from  state 
employment  or  labor  statistics  departments. 

The  information  and  estimate  developed  above  can  then  be  used 
in  conjunction  with  the  appropriate  tables  shown  in  Table  1  of 
this  summary  to  develop  estimates  of  number  of  previously  unem¬ 
ployed  workers.  Appropriate  wage  rates  can  be  multiplied  by  these 
workers  to  yield  estimates  of  employment  benefits. 

For  example,  assume  a  reservoir  is  to  be  constructed;  assume  a 
three-year  construction  schedule.  Labor  requirements  of  construc¬ 
tion  are:  year  1  =  250;  year  2  =  700;  year  3  =  300  workers. 


The  estimated  occupational  distribution  of  workers  is  as 
follows : 


Unskilled 

Skilled 


Construction  Year 


1 

2 

3 

55 

159 

66 

160 

998 

192 

92 


White  Collar 


35 


98 


To  compute  employment  benefits,  perform  the  following  steps: 


a.  Locality  of  Workforce 


(1)  Estimate  total  non¬ 
equation  : 

-local  workers 

using  regression 

Number  year  1 
year  2 

= 

213  (PEAK* 

)  -8.9  =  44 

=  140 

year  3 

= 

=  64 

(2)  Estimate  occupational 
workers . 

breakdown 

of  non-local 

Construction 

Year 

1 

2 

3 

Total  non-local  workers  by 
occupational  category 

44 

140 

64 

Number  unskilled  =  15.1%  X 

Total 

7 

21 

10 

Number  skilled  =  59.2%  X 

Total 

26 

83 

38 

Number  white  collar  =  25.7%  X 
Total 

11 

36 

16 

Total 

44 

140 

64 

Non-local  workers 

(3)  Estimate  occupational  breakdown 
workers.  Subtract  non-local  to 

of  local 
obtain . 

Construction 

Year 

1 

2 

3 

Unskilled 

48 

133 

56 

Skilled 

134 

365 

154 

White  collar 

24 

62 

26 

Total 

206 

560 

236 

Local  workers 

•where  PEAK  =  number  of  workers 

required  for  construction  year. 
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b.  Location  of  Project 

(1)  EDA  status:  Assume  county  is  located  in  EDA- 
designated  area 

(2)  Regional  unemployment  rate:  6.9 % 

c.  Compute  Previous  Unemployment 


(1)  Estimate  previously  unemployed  local  workers. 


Year  1  Total  local 

workers 

Values 

from 

Table  1 

Number 

Previously 

Unemployed 

Unskilled 

48 

ft 

.427 

= 

21 

Skilled 

134 

ft 

.328 

= 

144 

White  Collar 

24 

ft 

.221 

= 

5 

(2) 

Estimate 

previously  unemployed 

non-local 

workers 

Year  1  Total  Local 

Workers 

Values 

from 

Table  1 

Number 

Previously 

Unemployed 

Unskilled 

7 

• 

.320 

2 

Skilled 

26 

• 

.213 

6 

White  Collar 

1 1 

• 

.221 

2 

(3) 

Repeat  ( 1 )  and  (2 ) 

above 

for  constructior 

)  years  2 

and  3- 

d.  Compute  a  Wage  Bill  for  Previously  Unemployed  Workere. 
Assume  an  "average  wage"  for  occupational  skill  levels  of 
$8. 00/hr,  unskilled;  $13. 00/hr.  skilled;  $12. 00/hr.  white  collar. 

(1)  Wage  bill,  year  1  =  x+y+z  where 

x  =  Total  number  of  unskilled  workers  previously 
unemployed  *  year  1  annual  wage  unskilled 
=  23  *  $16,6140  =  $382,720 
y  =  Total  number  of  skilled  workers  previously 
unemployed  *  year  1  annual  wage  skilled 
=  50  *  $27,0140  =  $1 ,352,000 
z  =  Total  number  of  white  collar  workers  previously 
unemployed  *  year  1  annual  wage  white  collar 
=  7  *  $214,960  =  $174,720 
x+y+z  =  $1 ,909 ,440 

(2)  Compute  wage  bill  for  years  2  and  3  in  same  manner 
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(3)  Compute  total  wage  bill  for  previously  unemployed 
workers  by  summing  wage  bills  for  years  1  through  3 

(4)  Add  interest  on  wages  paid  to  previously  unemployed 

workers. 

e.  Compute  Average  Annual  Employment  Benefits 

(1)  Total  employment  benefits  =  total  wage  bill  +  total 
interest  on  wages 

(2)  Average  annual  benefits  =  total  employment  benefits 

*  amortization  factor.  For  example,  total  wage  bill 
in  this  example  =  $9,549,280,  total  interest  on 

wages  =  $887 , 190 

amortization  factor  is  .075914  assuming  a  50  year 
project 

life  at  7  5/8  %  discount  rate 

average  annual  employment  benefits  =  $792,274. 
Community  Service  Impact  Assessment 


The  survey  data  analyses  coupled  with  the  comparative  data  as¬ 
sembled  from  other  construction  worker  studies  provide  a  solid  em¬ 
pirical  base  to  assess  the  demand  on  community  services  that  a 
Corps  project  is  likely  to  produce.  The  procedure  for  performing 
such  an  impact  assessment  using  the  survey  data  is  shown  in  the 
example  below. 

As  a  planner  for  a  Corps  of  Engineers  reservoir  project  in  fi¬ 
nal  design  stages,  you  have  been  asked  by  local  governments  in  the 
reservoir  project  area  to  provide  an  assessment  of  the  impact  of 
the  construction  project  on  the  community  services  in  the  project 
area.  There  are  several  small  towns  in  the  vicinity  of  the  con¬ 
struction  site  and  local  governments  are  interested  in  identifying 
the  range  of  likely  benefits  and  costs  the  construction  project 
will  produce.  What  can  you  tell  them? 

Information  provided  by  the  survey  can  be  used  to  perform  a 
community  impact  assessment.  The  first  step  in  such  an  assessment 
would  be  to  calculate  the  number  of  non-local  workers  likely  to  be 
employed  on  the  project.  Using  the  regression  equation  in  Table 
3.12,  an  estimate  can  be  produced.  Assume  that  the  relevant  data 
for  this  equation  were: 

o  Peak  anticipated  construction:  700 

o  Constant:  8.9 

o  Number  of  non-local  workers  :  140 

Next,  using  the  ratio  -  1.24  dependents  per  non-local  worker  ob¬ 
tained  in  Chapter  4,  n  estimate  of  174  dependents  is  derived. 
Total  population  influx  directly  associated  with  the  construction 
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project  is  thus  estimated  to  be  314  .  Of  the  dependent s .  approxi¬ 
mately  102  will  be  children  and,  of  these  102  children,  yy  will  be 
school-age . 

Housing  needs  of  the  incoming  workforce  can  be  projected  using 
Tables  4.1  and  4.6.  Here,  the  expected  non-local  worker  popula¬ 
tion  could  be  broken  into  83  accompanied  workers  and  57  unaccom¬ 
panied  workers.  Housing  neeas  of  these  groups  as  expressed  in 
Table  4.6  could  be  derived  and  matched  with  available  supplies  in 
surrounding  comm, uni  t ies  . 

Data  strongly  suggest  that  the  <-om.r.ur.'.  ties  locate,;  nearest  to 
the  project  construction  site  will  receive  most  of  the  total  popu¬ 
lation  influx  of  314  .  Statements  or.  the  actual  d  i  s 1  r  i  but  ion  of 
this  population  among  nearby  corr.r.uni  tics  would  huvt  to  be  condi¬ 
tioned  on  separate  assessments  of  supply  of  housing,  as  well  as  on 
local  government  policies  to  attract  or  discourage  incoming 
workers.  Harnisch  (I960),  for  example,  found  that  one  community 
adopted  an  aggressive  policy  to  attract  as  many  incoming  workers 
as  possible.  In  this  community,  zoning  restrictions  were  relaxed 
and  workers  were  exempted  from  paying  local  property  taxes.  Such 
policies  should  be  factored  into  any  assessment. 

Having  identified  total  worker-dependent  influx  and  having 
made  some  judgment  of  settlement  patterns  informed  by  the  survey 
data,  as  well  as  local  conditions,  an  assessment  of  the  impact  of 
this  influx  on  existing  community  services  -  schools,  sew  ge  sys¬ 
tems,  roads,  etc.  -  can  be  made. 

A  method  for  performing  this  assessment  developed  by  the 
Seattle  District  involves  the  following  steps: 

(1)  Make  "without  project"  population  forecasts  for  local 
communities  which  are  likely  to  be  affected  by  construction- 
induced  population  increases. 

(2)  Inventory  the  "people  capacity"  of  community  services  of 
these  communities  in  relation  to  "without  project."  population 
forecasts . 

(3)  Allocate  incoming  populations  to  local  communities  on  the 
basis  of  the  survey  data  presented  in  this  report,  as  well  as  on 
personal  knowledge  of  the  local  area. 

(4)  Identify  any  shortages  in  community  service  capacities 
produced  by,  or  worsened  by,  the  influx  01  construction  workers 
and  dependents.  Figure  1,  showing  how  this  information  can  be 
graphically  displayed,  is  modeled  off  of  a  community  impact  study 
prepared  by  Seattle  District  (Harnisch,  1980).  A  forthcoming  IWK 
report  (Chalmers)  provides  detailed  procedures  for  identifying, 
quantifying,  and  displaying  community  service  impacts. 

Data  from  the  survey  suggest  that  of  the  1“0  nor, -local  work¬ 
ers,  44  would  remain  in  the  local  area  after  th<-  project,  is 
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completed.  (Table  4.9.)  Of  these  44  workers,  26  accompanied 
workers  are  included  representing  about  81  persons,  making  a  total 
number  of  individuals  who  are  likely  to  remain  in  the  local  after 
completion  of  the  project  99.  This  information  can  help  local 
governments  plan  on  the  character  of  capital  expense  outlays  for 
providing  services  to  incoming  workers. 

Such  information  can  provide  Corps  planners  with  the  means  to 
assist  local  governments  in  planning  for  and  managing  impacts  as¬ 
sociated  with  a  Corps  construction  project. 

It  should  be  noted  that  the  uncertainty  concerning  such  commu¬ 
nity  impacts  is  likely  to  be  worse  than  the  actual  impacts  them¬ 
selves.  For  example,  the  "average"  project  in  the  current  survey 
had  124  workers  employed  at  the  time  of  the  survey.  Of  these 
workers,  it  is  estimated  that  40  were  non-local.  Assuming  the 
ratio  of  1.24  dependents  per  non-local  worker,  the  average 
construction  project  brings  only  about  90  persons  into  the  local 
area.  In  most  local  project  areas,  a  population  influx  of  this 
size  would  not  produce  appreciable  community  service  impacts. 
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